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PREFACE 


With the rapidly increasing number of sewage treatment 
plants in the United States and the development of new methods, 
those inteiested m the subject will appreciate the valuable 
contiibution to our literature on the troublesome subject of 
sludge contained in the following monogiaphs by Dr. Eisner, 
Dr Spillnei and Mi Blunk The painstaking expeiiments and 
extended observations of these gentlemen, carried on under most 
favorable circumstances, enable them to speak with exceptional 
authority on this subject. 

Dr Elsnei’s papei’ — “Die Behandlung und Verwertung von 
Kl^rschamm^'^ — contains a large fund of data gleaned from 
experience with, and observation of, the more important German 
plants and those of England The broad scope and thorough 
treatment are characteiistic of the German investigator. 

Dr. Spillnei 's paper, entitled “Die Trochnung des Klar- 
schammes,“^ is particularly valuable on account of tjie details 
of the results accomplished up to the end of 1909 in the operation 
of the plants of the Emschergenossehschaft, which are now 
receivings s6 nuich attention in this country. Dr. Spillner, as 
chemist, gives this information at firat hand. 

The third paper c6mpnses Part III of a Series written yet more 
iccently by Di. Spillner and Mr. Blunjc on “Results of the Opeirf- 
tion of Some' of the Mechanical Sewage Clarification Plants of 
the Emscher Association”^ Tliis has been translated ’'by Mr. 
Emil Kuichling, M, Am Soc C E. The title of this paper is, 
“Examination of the Sludge, the Liquid in the Septic or Lower 
Chamber of the Deep Emscher Tanks, and the Water Drained 
from the Wet Sludge on the Drying Beds ” As this of more 
recent date than the former article by Dr. Spillner the authors 
have had the advantage of further experience in the operation of 
tanks of the Emscher or Imhoff type, as well as of the comments 
and criticisms concerning then design or efficiency that have 

I ForUchriUe der Inomieurwisamschaften, Zweite Oruppe, 24 Heft, Leipssig, 1910 

“ MiUeilungen au9 dor Kdntgliohen PrU/urtgaaneiaU fiir Wct^aerveraorgung und Abivasaoj^ 
beoeiiiffunff, 14 Heft, Berlin, 1911. 

® Technxacfioa OomoindAlcUU Vol XIII, pp 813-377 
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been brought out hi llie iiiLcj veiinig Mr. 

Blunk, aa opeiating crigiiietM, adds fo iii(‘ disriisMnn infiiujia- 
tion derived from the engineer's pohit of view nmrerniug (hrir 
operation. 

Although up to the present time sludge t 1 i,mn berii 

accoided little attention in Aineriea as eonipjir(*<i uilh (lei main* 
or England, this will lie deimuided more ami imue heiiuifho. 
Some really cieditablc woik has been doiu* iu (Jiis din'rlinii, hm\ 
ever, and it has therefore laarn thought (h'siiabh^ hj ruhl suim* 
notes on the characteiisties ol ViiKMiean sewagi's anil on the imin* 
important results reached hero iu the triuitiuent ami iilih/iation of 
sludge. 

For the greater convcnioiieo of American eiigineiM’s (lie 
uies given, unless otherwise stated, are tJioso ciHtomaiilv 
employed in the United States: the gallon I)eiiig I he rniled 
States gallon of 2;^1 cii. hi ; tiie ton, that of 2(H)() lbs,, Kr.; \mi 
for the convemeiice of ofcJiois the metric nieasuro giviui by tin* 
authors of the first three parts are also slated. 

Acknowledgment is liei’o inailc of tlu^ courti'sy of tin* ritv 
officials and others who have furnislied data conei'rnlng the woiKs 
under their charge and, hi piartieular, of tlni valualih* 
lendered by Mr. Emil Kuiehlmg in the tniiiHlatioii of obsriin* 
passages in the original papers by Dm. Ing. JOIsner mid Spillnei, 

K. A. 


New YoiiK, November 20, 1011 
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PREFACE 


Tlie following treatise deals with the problem of treating and 
utilizing sludge 

It seems an opportune time to present this, for altliough there 
has been great activity during the past few years in solving the 
question of sludge disposal, yet a general discussion of the require- 
ments necessary for its treatment and utilization and their 
lealization by existing methods has not yet been published 
In many cases the question of treating and utilizing the sludge, 
even in thoroughly worked out projects, has been left open 
This work may be of assistance to engineeis who are designing 
such plants in judging and deciding these matteis 

It is based on personal observation in journeys of inspection, 
in which a large number of important plants foi ti eating sludge 
were examined, also upon a study of the most recent literature, 
a list of which is appended, and on infoimation which has been 
placed at my disposal by a great number of city officials, for 
which many thanks are due. 

Alexander Elsner. 

Dkebden, March ^ 1910. 
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TREATMENT AND UTILIZATION 
OF SLUDGE 


CH.^lPTEE, I 
Introduction 

The satisfaction felt in the more perfect methods of sewage 
clarification and then adaptation to different kinds of sewage has 
been diminislied to an inci easing extent by the question of the 
disposition of the sludge which accumulates in the vicinity of the 
woi ks 

In 1857 the highest sanitary authority of England pioposed 
that a part of the filth in, sewage be removed befoie discharge 
into sti earns in older to prevent their further pollution and the 
intoleiably unsanitary conditions lesulting therefiom, and it was 
then that the sludge question first arose, i e , the question of its 
lemoval and the disposal of the filth sepaiated fiom the liquid 

Formerly sewage had been disposed of in the easiest and 
cheapest way b}'’ discharging it mto a stream, or, in a few m- 
stances, distributing it over the land for financial gam, while 
now the sludge was accumulated in the neighboihood of the 
plant without considering that the gain in sanitary conditions 
was more than offset by the putrefying masses of sludge in the 
thickly settled manufacturing towns, thereby impairmg the 
health of the inliabitants. 

The farmers did not make use of the sludge as had been 
expected This was partly because they discovered that its 
value had been overestimated, and partly because of an increase 
in manufactures, whereby they were driven moie and more 
to truck farming in those populous distiicts, requiring a moie 
expensive fertilizer, which they were then able to pay for 

Two ways have been attempted to reduce this nuisance A 
method was sought to make the gludge, which contained much 
lime after the prevailing chemical treatment, transportable by 
draining off a part of the water before putrefaction set in, in 
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order that ita use might not be confined to the limited nuniljei of 
f aimers in the neighborhood of the woiks, and so that, in this 
more portable condition, it might have an increased value 
commeicially Clarification piocesses were sought winch would 
piomise a smaller output of sludge while otherwise equally 
efficient. 

The rapid spread of septic treatment may be attributed to an 
exaggerated idea of the i eduction of sludge wliich was antici- 
pated A further advantage was the comparative infiequoncy 
of the objectionable piocess of cleaning rcc[uired by this method 
The introduction of biological methods, whicii seemed at once to 
solve the difficulty by means of the sludgc-eoiisuining activity 
of micio-oiganisms, was favored by the difficulty in caiing for 
the annually increasing quantities of sludge clue to chemical 
precipitation 

The assumption that the amount of sludge would be reduced 
by 70 per cent, or even 90 per cent , as had at fii st been expected, 
in septic tanks, was shown to bo erroneous, noi was the difficulty 
of caring for the sludge removed by biological treatment; for 
even contact beds become clogged more or less quickly, according 
to the fineness of the mateiial and the fieqiicncy of filling, and 
must then be taken apart so that the sludge can bo washed away. 
With sprinklmg filters, especially when made of coarse material, 
the necessity for taking them apart does not occur ho fiequently, 
but flakes of deposited matter ai*e washed out of tlie beds, which 
usually necessitates the iilacing of a sedimentation basin in the 
line of the effluent conduit It has been found that the greatest 
practicable pieparatory claiification by sedimentation tanks 
may increase the cleansing powei of'bacteiia beds 1 1/2 or 
2 times, while at the same time postponing a premature accumu- 
lation of sludge. 

This is also true of sprinkling filters and intermittent land 
filtera. Heie it is especially the giease, animal fibers, h airland 
cellulose which form a felt-like surface sometimes 2 in (5 cm ) 
thick, injuring the plant life, lessening the filtering capacity, and 
hmdering the aeration of the soil Removing this cover is 
expensive and much of the fertile sod is lost Fiirthermoiu, 
much larger volumes of sewage can be delivered to tJie land after 
thorough preliminary treatment (English estimates give times 
as much with chemical treatment, 10 times as much with biolog- 
ical treatment) , a most important fact m consideration of the 
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decica.siii^ area of available laud and its inci easing value accom- 
panying the growth of cities It is not only in sedimentation, 
septic tieatment and chemical piccipitation, as well as in screen- 
ing plants and gut chambcis where sludge naturally accumulates, 
Jnit also in sprinkling filteis, land filters and contact beds that it 
becomes a troublesome factor 

Two qualities lender sludge particularly troublesome to both 
the technical employees and to those living near the plant, and 
also, on account of the high cost of removal, to the town authoi- 
itics These are the tendency to putrefaction, particulaily in 
waim weather, and the contained water, which increases its 
volume and adds to the cost of transportation 

In particulai its tendency to jmtiefy quickly in warm weathei 
with a strong, disagieeable odoi, which becomes a nuisance not 
only to the operatives at the woiks themselves, but also to the 
residents of the neighborhood, made a change ever more impel a- 
tive. This IS easily understood when one lemcmbers that by far 
the greatest part of a city’s filth is stored near the clarification 
plants. What laige quantities are involved may be seen from 
the fact that in the 10 yeais fiom 1887 to 1903, 930,000 cu yds 
(711,000 cbm) of solids were lemoved from the sewage of 
Frankfort. Here, indeed, as in most places, a further accumula- 
tion of sludge might be avoided by its use as a feitilizer, but the 
annoying odors alieady mentioned cannot thus be avoided since 
the great proportion of water calls first for its drying out in the 
air Commonly, however, the demand for feitilizer is not great 
since, especially as in the vicinity of towns lacking a sewerage 
system, the supply of night-soil, with its higher fertilizing power, 
may supply the farmers' needs. Many examples made it clear 
that in planning clarification plants the greatest attention should 
be given to the disposal of the sludge This was the case, not 
only m England, where the sludge nuisance appeared more 
pressing on account of the chemical treatment, which was pre- 
fen ed for its gi eater removal of sludge and for the enhanced 
value of the sludge itself due to the addition of lime, but also m 
Geimany, where, decades later, similar conditions were repro- 
duced on a smaller scale. 

But even where it is easy to dispose of the sludge, whether 
dried or wet, there is occasion for further treatment For, as 
this by-product is of small value and of considerable mass, there 
should be an effort to avoid its transportation and treatment, 
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order that its use might not be confined to the limited niiinIxM of 
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more portable condition, it might have an increased value 
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promise a smaller output of sludge while otherwise ociually 
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must then be taken apart so that the sludge can be washed away 
With sprinklmg filters, especially when made of coarse maleiial, 
the necessity for taking them apart does not occur so frequently, 
but flakes of deposited matter are washed out of the beds, whicli 
usually necessitates the placing of a sedimentation basin in the 
line of the effluent conduit It has been found that the greatest 
practicable preparatoiy clarification by sedimentation tanks 
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deciea.sin^ aioa of available land and its incieasmg value accom- 
panying the growth of cities It is not only in sedimentation, 
septic tieatment and chemical piccipitation, as well as in screen- 
ing plants and grit chambeis where sludge naturally accumulates, 
but also m spi inkling filters, land filteis and contact beds that it 
becomes a tioiiblesome factor 

Two qualities lender sludge particulaily troublesome to both 
the technical cmjoloyees and to those living near the plant, and 
also, on account of the high cost of removal, to the town author- 
ities These aie the tendency to putrefaction, pai*ticularly in 
waim wcathei, and the contained water, which mcreases its 
volume and adds to the cost of transportation 

In paiticulai its tendency to putrefy quickly in warm weather 
with a strong, disagreeable odoi, which becomes a nuisance not 
onl}" to the operatives at the works themselves, but also to the 
lesidcnts of the neighborhood, made a change ever moie impel a- 
tive This is easily understood when one lemembers that by far 
tlic gieatest part of a city’s filth is stored near the clarification 
plants. What large quantities are involved may be seen from 
tlie fact that in the 1C years from 1887 to 1903, 930,000 cu yds 
(711,000 cbm) of solids were removed fiom the sewage of 
Frankfort Here, indeed, as in most places, a fuither accumula- 
tion of sludge might be avoided by its use as a fei-tilizer, but the 
annoying odors alieady mentioned cannot thus be avoided since 
the great proportion of water calls first for its diying out m the 
air Commonly, however, the demand foi fei-tilizer is not great 
since, especially as in the vicmity of towns lacking a seweiage 
system, the supply of night-soil, with its higher feitilizmg power, 
may supply the faimers’ needs Many examples made it clear 
that in planning clarification plants the greatest attention should 
be given to the disjiosal of the sludge. This was the case, not 
only in England, where the sludge- nuisance appeared more 
piessing on account of the chemical tieatment, which was pre- 
feircd foi its greater removal of sludge and for the enhanced 
value of the sludge itself due to the addition of lime, but also in 
Geimany, whei’e, decades later, similar conditions were repro- 
duced on a smaller scale. 

But even where it is easy to dispose of the sludge, whether 
diied or wet, there is occasion for further treatment For, as 
this by-product is of small value and of considerable mass, there 
should be an effort to avoid its transportation and treatment, 
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especially by manual labor, which increases the cost to an iiii- 
necessaiy extent What an enormous expense may icsiilt is seen 
in London, wheie about $238,000 (1,000,000 M.) is annually 
spent in cariying the sludge to sea in tank steaineis 

In Leipzig, too, the annual expense of handling is about 
$7100 (30,000 M ), mainly for carting off the cliicd sludge. 

Efforts to improve this condition have l)ceii made in two 
diiections One was to remove the sludge and to simplify and 
cheapen its transportation to drying beds or places of utilization, 
and in particular to avoid the unhygienic manual labor. Ono 
way to effect this is to give the tanks, wells and towers foi sludge 
the best possible form; and, further, to install inacliiucry and 
apparatus foi the automatic removal of the sludge, or to operate 
the plant so as to pioduce the least possible amount of sludge 
with equal clarification. 

Other experiments and attempts have been made to remove 
the water from the sludge more quickly and with less objection 
than by drying in the open air, or at least to improve upon this 
method, water being the greatest drawback to I'endering sludge 
of value Above all, it is desirable to retain the fertilizing prop- 
erties of the sludge, its fats and caloiific value, and in this way 
to reduce the cost of treatment, efforts whicJi are important even 
from the agricultural standpoint. It is estimated that 
$143,000,000 (600,000,000 M) are annually lost by failure to 
utilize the nitrogen m sewage, but one-tenth of which is used. 
Although these figures are theoretical and perhaps exaggerated, 
they should cause one to reflect. 

These considerations for simplifying and improving sludge 
disposal and utilizing it, or at least attempting to do so, are of 
great importance to an engineer who is planning a disposal 
plant. Disregard of these matters has often resulted in costly 
alterations, or even a complete change of plan. 

Any standardizing of sewage treatment should bo strictly 
avoided and each plant designed with reference to the particular 
local conditions. 



CHAPTER II 


Sludge, Its Composition and Amount 

By sludge is here meant all the residue which lemains after 
treatment of city sewage by grit chambers, bar screens and mesh 
screens, tanks, wells, and towers, by plain sedimentation or 
chemical piecipitation, septic tanks, contact beds or irrigation 
fields 

Its composition and amount depend upon: 

1 The composition and volume of the sewage. 

2 The manner of collection. 

3 The method of treatment 

4 The operation of the plant. 

1. The amount and composition of sludge, which consists 
mainly of the iindissolved matter contained in the sewage, vary 
quite as much as the character of the sewage in different towns 

Even the amount differa very gieatly To mention but two 
examples, Paris sewage contains 1515 parts per million (mg per 
liter) of undissolved material, but that of Hanover 270 parts per 
million (mg. pei litei) 

Those cities whose inhabitants have low standards of living 
and use but little water per capita, have a very concentrated 
sewage, and so, in geneial, a large volume of sludge 

Aside from this, the amount of trade wastes determines to a 
large extent the character of the sewage This depends, not only 
upon the volume of the trade wastes, which sometimes surpasses 
that from domestic sources, but also upon the addition of certam 
substances, particularly free acids and salts of iron, which can 
convert undissolved into solulfie material, and thus effect the 
amount and character of the sludge. Certain industries add 
substances which increase the putrescibility of the sludge or 
retard its drying, such as textile mills which give it a fibrous, 
felt-like character. Others add large quaptities of grease which 
may determine the method of removal or treatment of the sludge. 
Other substances, particularly from metal works, act on the 
sewage and sludge as a disinfectant 

7 
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The daily change in the chaiacter of the aewage is of import- 
ance in plants where the sludge is leinovcd dining coutiniiouH 
sedimentation, paiticularly where it is caiuod imineditit(*ly lt> 
the filter piess for fuither treatment Not only is its cJiani(*t(*i* 
changed but also its volume 

2 The system of sewerage is of importance in so far us iJn^ 
amount and character of the sludge is conceined, as considoiahly 
more mineial matter reaches the sewei^ in a combined systcmi. 
The amount of this material again effects the cJuu’acter of ilio 
sludge, paiticularly its percentage of moistuie Large (luautitiivs 
of filth are washed in from the streets during heavy raiiiH as also 
by the cleaning of asphalt and wooden pavements 

In towns where the streets are chiefly macadam and whore no 
catch basins are provided, in order to collect as much of the filth 
as possible at one point outside the city, especial care sliould bo 
taken, in planning the dimensions of the grit chamber and tho 
means for cleaning it, on account of the large amount of iniiu’ral 
matter brought down. 

If the sewage passes tliiough pumping stations and long An-co 
mains or traveises long distances before it readies the treafinenb 
plant, much of the suspended matter will l)o biokiui ii]), thus 
reducing the amount retamed by the tanks and screens, a eon- 
flideration of especial importance where the clarificalion is 
effected by these means only. 

3. The greatest variation in the volume and diariicter of tho 
sludge is due to the method of clarification, that is, the method 
and arrangements by which tho separable matter is removt'd 
from the sewage. 

Not only is the amount of the sludge, but also its condition 
and composition, dependent on the efficiency of the process of 
claiification. 


Detritus from Grit Chambers 

The sediment removed by grit chambei’s is composed princi- 
pally of inorganic matter. Its putrescibiUty, tho most offensive 
quality of sludge, is therefore slight, as well as the amount of 
water contained. This vanes from 3/5 to GO per cent It depends, 
aside from the manner of cleaning the grit chamber and the fre- 
quent stirring-up resulting therefrom, upon its content of organic 
matter, and this, again, upon the velocity of flow provided- Two 
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Sludge fuom Lignite Process 

The sludge obtained by this piocesH is vciy full of water (95 
per cent or mure) but can generally be easily piessed or dried m 
the air, as is done at Copenick, without putiefaction or the 
omission of unpleasant odois The pressed sludge has but a 
faint musty smell and is non-putrescible. 

Sludge from Septic Tanks 

The same thing is true of the sludge fiom the septic tank, 
this has gone thiough the process of decomposition in the tank. 

This, too, has only a slight musty odoi 

It has a granulai eaithy structure fiom decomposition, in 
contrast with piecapitated sludge which, after the watei is drawn 
off, has a fibious, felt-like appearance. 

The eaithy chaiactei of sludge from the septic tank process 
aids in the removal of the water, enabling it to dry more lapidly. 
It is also moie fluid, in coinpaiison, in spite of the small amount 
of contained water — about 80 per cent 

All the data thus far given concerning the amount of water 
contained in sludge aie averages taken from a large number of 
plants and aie subject to ceiliain variations depending upon the 
design of the plant and pariicularly upon the thoroughness of the 
mode of operation and the method of i emovmg the sludge 

Digestion, OF Sludge 

In the septic process one phenomenon has been much discussed, 
n amely, the digestion of the sludge. That is to say, a diminution 
of the (quantity of the sludge in such a manner that the dried 
solids contained both in it and in the eflBuent of the septic tank 
are less than the amount received. A reduction of 80 per cent or 
more was anticipated by the introduction of the septic treatment 
and thereby relief from the troubles associated with sludge The 
amount of suspended matter contamed in the effluent must be 
oonsidered in determining the percentage of reduction, and this 
is rather large. In different English cities, for example, it varies 
from about 85 parts per million (mg. per 1.) at Salford to 244 
parts per million (mg. per I.) at Birmmgham Moreover, the 
sludge becomes more dense m time and in this way loses a part of 
its water. In fresh sludge this is about 90 per cent, and in dried 
sludge 80 per cent., as has been noted, therefore the former has 
twice the volume of the latter. 
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Moieover, a part of the solids is tiansfoimcd into gas and 
another pait liquefies. Tins alone is to be considcied in tJio 
1 eduction of sludge. 

The amount of this in different English cities is as follows: 
Biimingham 10 pei cent , Manchester 25 pei cent , Leeds 30 per 
cent , Sheffield 33 pei cent. 

In Unna, also, where it was removed only once a year it was 
found to he but about 60 pei cent of the aggregate amount when 
removed weekly. 

The reason for the difference between these several figuics lies 
partly ill the difference in the composition of the sewage, es- 
pecially whether it is putrescible domestic sewage or whether it 
contains much impalpable mineral or othei matenal not oaMly 
broken up, and partly m the different amounts of the solids con- 
tained in the efiduent of the septic tank 

A certam amount of sludge reduction may always be expected 
aftei prolonged storage 

Sludge from Contact Beds 

Sludge IS also found in contact beds and its lemoval at stated 
intei vals is necessary, depending on the extent of its pi epai atory 
tieatment, the construction of the beds and their operation. 
The sludge that is washed out is of an earthy consistency, con- 
tains 60 to 75 per cent watei and is readily dried As it is bio- 
logically digested it does not become foul later except in those 
cases where the beds are overloaded. It strongly resembles 
septic sludge In sprinkling filteis it contains, under certain 
conditions, a larger amount of organic matter, such as the larviD 
of flies and mosquitoes, while in contact beds it contains earth- 
worms and other worms 

Sludge on Irrigation Fields 

Sludge sometimes appears on irrigation fields in the form of a 
layer of slime which covem the soil It consists of cellulose and 
grease, pi events the admission of air and sewage and must bo 
lemoved with a spade. This slime can be avoided by installing 
sedimentation tanks 

The differences in sludge obtomed by the various kinds of 
tieatments mentioned coi respond also to its chemical composi- 
tion, so that there is little practical value in giving definite limits 
to the amount of each ingredient of which it is composed 
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In Older to present a gencial idea of the matter some analyses 
showing icsults obtained with different metliods of treatment 
aie Jieie given Later some inateiials will be considered moie 
fully which give to sludge a certain fertilizing value 


ANALYSES OF SLTTDGE IN PER CENT 
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Influence of the Manner of Treatment 
4 The management of the plant has a marked effect on the 
quality of the sludge, especially the amount of water contained, 
and therefore upon the total volume 

As already shown, this is the case to a ceitain extent with gut 
chainbera A frequent cleaning out of the sludge, possibly with 
dredges, causes a stilling up of the deposit, thus mixing it with 
the sewage, while in plants where the cleaning is done at longer 
intervals aftoi cutting out the gut chamber, which is ordinaiily 
divided into compaitments built side by side, the giit deposits 
more firmly and contains less watei 

This difference is not very important in consideration of the 
comparatively small quantity of deposit in the grit chambei, its 
easy handling and its inoffensive character. 

In settled sludge, on the other hand, the quantity of water is 
of great importance, as its large amount may readily result in a 
nuisance on account of its unforeseen increase as well as from the 
greater cost of the transport and disposal of the increased volume 
In considering the influence of the contained water on the 
amount of sludge it should be noted that 1 3 cu yds (1 cbm ^ of 
sludge having 80 per cent, moisture contains 7 cu. ft. (200 1.) of 



16 


SEWAGE SLUDGE 


It is impossible to give final figures oi formuUr i)\ wluch flio 
quantity of sludge to be expected may be exactly esluiiated, 
for this must vaiy within veiy wide limits lor the rcuson^ all eady 
stated Exact values can only be asceitained by exix'runeiils 
with the sewage in question, which should always be iiuid(‘ in 1 ho 
case of large plants and especially where the sewage shows any 
peculiarity 

Howevei, we can usually judge of the quantity of sludge to be 
expected from the amount of suspended mattei in the sewage. 

In this way Busing, starting with an amount of susixmded 
matter of about 700 paits per million (g per cbm ) and a ralio 
of mineral to organic mattei of 2 . 3, knowing the vnlnnie ot Ihe 
sewage and consideiing the amount of matter retained l)y ealeli 
basins, etc , estimates an amount of suspended inatloi ecjiuil 1(» 
1/1000 the volume of the sewage The limiting valiu's Jn‘ 
states as 1/750, fiom a rather concentrated sewage, to 1/3000, 
where water is liberally used. This eoriespouds to ().07() 
to 0 307 cu in of dried material pei gallon (0 33 to 1 33 I. per 
cbm ) or 1.63 to 6.58 cu yds sludge 90 pei cent water j)(*r 
million gallons (3 3 to 13 3 1 pei cbm ) and 0 43 to 1 74 eu. yds. 
pel 1000 persons (0 33 to 1.33 1 pei cap ) daily with a water con- 
sumption of 26 4 gallons (100 1) pci day With aii asHUiried 
average of 1 to 1500 for normal sewage the last two values would 
be 33 2 cu yds of sludge per million gallons (6.71 1. j)er ebm.), 
or 0.88 cu. yds. per 1000 peisons (0 67 1. pci capita) per day. 

These values agree well as to the contained mcnstiive with tlu* 
figures of Imhoff {Pi oceedbujs of the Royal Eipenmnit Stalloti, 
Vol. VII) in which, from many analyses of sludge in lOiiglaiid 
and Germany, the amount of diicd material in sewage was 
established at 2 1 oz. (60 g) per capita per day, when meluding 
storm water but not industiial wastes. This value gives, with 
an amount of water in the sludgo of * 

96 per cent 2.1X20 = 42 oz. (0 06X20=1.2 1.) sludge per 
capita per day. 

90 per cent 2 1X10 = 21 oz. (0.06X10 = 0.6 1.) sludgo per 
capita per day 

so per cent 2.1X5 = 10.5 oz. (000X5 = 03 1.) .sludgo per 
capita per day. 

We may approximate the same rOkSult by assuming an aiUDUiit 
of suspened matter of 17.5 to 35 grains per gallon (800 to 600 
mg per 1 ), as is the rule with city sewage in Germany. With u 
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specific ftiavity of 1 1 we obtain 12 G to 25 2 cu m per cubic yard 
(0 27 to 0 54 1 pel cbm ) of diied material As the larger floating 
substances aie not included m the analyses this figure should be 
somewhat greater, so that 14 to 28 cu m per cubic yaid ( 3 to G 
1 pci cbm ) of sludge containing 90 pei cent, water may be 
expected 

In estimating these values no account is taken of a paitial 
elimination of the solid matter m the clarification plant The 
efficiency of the method of clarification is therefore to be taken 
into account. 

These methods of estimating are valueless, possibly in the case 
of giit chambers, but paiticulaily with scieenmg or contact bed 
treatment Here one must ti ust to experience and experiment 
It IS in any case of greater value to consider experience with the 
plants of towns wheie the conditions aie similar than to depend 
upon theoietical calculations of the sludge to be expected 
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The following tables give some results of the amounts of sludge 
obtained by vaiious processes The figures are obtained partly 
from reports and partly by direct infoimation furnished by city 
authorities 

The amounts may be estimated per million gallons of sewage 
or per capita per day. The first method is used m towns whoie 
much of the sewage comes from manufacturing concerns, while 
the latter affords a better comparison where these are absent, 
because the different volumes of water used are eliminated. 

It is furthei to be noted that in estimating the separate quanti- 
ties the volume of sludge is usually ascertained quite accurately 
by the mark of the suiface level in the tank, by the contents of 
the vacuum leceiver or the sludge-press, or that of the diying 
bed, while, on the contiary, the volume of the clarified sewage m 
a specified period, especially in towns with combmed sewerage, 
is usually not closely enough asceiiiained 

The lesults with these methods naturally vary greatly, especi- 
ally with bai screens and mesh screens, on account of the differ- 
ence in the size of the mesh and the spacing of the bars, but this 
is so with regard to grit chambers also, although in less degree, 
on account of the different velocities and other reasons already 
given. 


AMOUNT OF SLUDGE FROM SEDIMENTATION TANKS 
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With grit chambers we estimate 0 37 to 0 75 (average 0 50) 
cu yds per million gallons [75 to 150 (average 100) 1 per 1000 
cbm.] of sewage and possibly 0.013 to 0.026 cu. yds (10 to 20 
1 ) per 100 inhabitants daily. The same figures are to be used 
for bar screens' They aie of course not correct for simple coarse 
bar screens which are only intended to keep coarse material from 
the pumps or plant The amounts for these are much less, 
although with large screening plants they mcrease somewhat. 

In the larger German plants the amount of sludge is faiily 
uniform. It is about 10 to 25 cu. yds. per million gallons (2 to 
5 1. per cbm ) or 0.39 to 1.31 cu. yds per 1000 persons (0 3 to 
1.0 1 per capita) per day. These differences result from the 
causes already mentioned, but above aU from the water con- 
tained m the sludge Therefore the places mentioned m the 
tables employing clarification by wells have comparatively large 
amounts of sludge. For example, the high figures for Langen- 
salza result from the continuous removal of fresh sludge In 
Culmsee, on the other hand, the separate system exists and the 
sewage is fairly concentrated. Preliminary tieatment by con- 
tact beds gives values similar to sedimentation, special weight 
being laid upon the greatest possible previous removal of sus- 
pended matter m order to protect the beds Subsequent treat- 
ment, which is only used with sprinkling filters, on account of the 
particles of deposit frequently washed out, naturally shows but 
a small amount of sludge. 


AMOUNT OF SLUDGE F ROM S E PTIC T ANKS 
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1 FreUmiiiary biologioal treatment in experimental plant. 
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'With septic tanks the amount of sludge produced is less the 
moie complete the septic action (Merseburg) Where the sewiigo 
IS chiefly domestic and without storm water, which always uJAkS 
much mineral matter, the amount is about 0 13 to 0.2G cu yds. 
for each 1000 persons (0 1 to 0 2 1 per capita) daily, or 7 4 to 12.4 
cu yds per million gallons (1.5 to 2.5 1 per cbm ) of sewage. In 
the other case, as well as in the presence of much trade waste, the 
limit is increased to about 0 39 cu yds. per 1000 persons (0.3 1. 
per capita) per day, or to 17.3 cu yds per million gallons (3 5 1. 
per cbm ) . Therefore many of the English cities show much 


AMOUNT OF SLUDGE FROM CHEMICAL PRECIPITATION 
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larger amounts of sludge In Halberstadt the high figure is 
attributable to the limited amount of digestion as the sludge is 
removed here eveiy 8 weeks. 

Chemical treatment produces a vaiied amount of sludge de- 
pending upon the process employed and the amount of pre- 
cipitant used, as the latter produces a large volume of sludge 
containing much water. Thus, 1.71 grains of lime per gallon 
(100 g. per cbm ) of sewage, if the precipitation were complete, 
would give 2 2 lbs. (1000 g ) of sludge with 90 per cent, moisture 
But often 44 lb (200 g ) to even 1.1 lbs. (600 g ) of precipitant 
are added separately. The mcreased clarification effected by 
sedimentation, possibly 75 to 80 per cent, of the suspended matter 
as compared with 60 to 70 per cent by mechanical methods, 
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results in laiger deposits of sludge In general the amount is 
25 to 50 cu yds per million gallons (5 to 10 1 per cbm ) of sewage 
The low efficiency observed at Sheffield is explamed by the fact 
that one-third of the sewage there is wash water. 

The lignite tieatment, which is closely allied to chemical treat- 
ment, removes yet greater amounts of sludge, 100 to 125 cu yds 
per million gallons (20 to 25 1 per cbm.) of sewage, partly because 
a veiy wateiy sludge is obtained, partly because the lignite and 
sulphate of alumina mciease the volume greatly by the absoip- 
tion of wafer At Copenick on the other hand, where the sludge 
is obtained by diying out m the tanks to about 60 per cent 
moisture, they get 12 5cu yds per million gallons (2 5 1 percbm), 
or 1 IS cu yds pei 1000 inhabitants (0 91 per capita) daily. 

From the data given the amount of sludge to be expected may 
(m spite of some considerable differences) be estimated with 
sufficient accuracy for a given size of plant and the ariangements 
for its tieatment and utilization 

Chemical treatment gives the gieatest amount of sludge and 
has, theiefore, been abandoned m many cases, while the septic 
tank gives the least The rule applies to all methods, that the 
more thorough the purification the greater the resulting amount 
of sludge. 



CHAPTER III 

The Removal of Sludge from Clarification Tanks 

A well considered plan for removing the sludge from the 
tank and for its tiansport to places where fuiiihcr diying or 
treatment is earned on, is of great importance; for upon this 
lests the efiSeiency of various methods of treatment Moreover, 
foul odors may m this way be mmimized, if not entirely avoided, 
and laige sums of money saved, especially in wages 

The plants and their details, theiefore, vary very greatly and 
in general must be adapted to the methods of cleaning and of 
operation as well as to the topographical conditions 

The general principles to be observed in the treatment of 
sewage may be summaiized as follows. 

1 The more frequently sludge has to be removed and the 
larger its amount, the greater the attention that must be given 
to the matter and the greater the cost in any given case. 

2. The condition of the sludge which is favorable for its later 
use must not be altered to its detriment in removal. 

3. The removal of sludge must be accomplished with the least 
possible work. 

4 This should be effected, so far as possible, without manual 
labor. 

6 The removal should be as complete as possible. 

6. With mechanical appliances it is important that all parts 
should be as simple as possible, especially movable parts, and 
that their location should be above water. 

Referring to 1, the periods of cleaning are largely dependent 
on the method employed 

The removal of detritus from grit chambers usually lakes 
place after the receptacles provided for it are filled, in order to 
avoid encroaching on the waterway and preventmg insufficient 
sedimentation. A daily cleaning is only required whore the 
amount removed is very large, as otherwise excessive dimensions 
for the grit chamber would be necessary, and this removal should 
then be by mechanical means. 
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With mesh screens and bar screens the detritus should, natur- 
ally, be constantly removed. Here, too, the removal in large 
plants is mechanical and automatic. 

The intervals between the removal of sludge from semimenta- 
tion tanks depend on the putrefaction of the material contained. 
This IS controlled by the nature of the sewage and also by the 
temperature. Therefore the sludge may remain in the tanks 3 
to 7 days in summei, 8 to 12 in winter. In chemical treatment 
these periods can be increased, especially when this method 
interferes with putrefaction. At Leipzig, e.g , the sludge is drawn 
off eveiy 10 to 20 days. 

In septic tanks the sludge should be removed at much longer 
intervals. Its storage is here the imporfant matter. With 
small installations removal need only take place from one to 
two times a year, in larger ones very one to three months. In 
general, an infrequent removal should be aimed at, as only in 
this way can the advantage of the septic tank be fully realized, 
for the amount is dimmished by long storage, as has already 
been mentioned, and it also becomes less offensive. In any case 
an inciease of suspended matter in the effluent caused by the 
accumulation of deposit and a resulting increase of velocity, 
indicate the time for cleaning. Another method, and one to be 
recommended in laige plants with large volumes of sludge, is to 
draw off a part at shorfer intervals during operation; while the 
mam cleaning should be done in the fall and spring, especially 
whT 3 re it is used as a fertilizer. When the removal is made, as 
at Leeds, through plug valves at the bottom, the result is the 
thickest and most thoroughly digested sludge and an objection- 
able interference with its free flow is prevented Moreover, the 
tank is in continuous use and the sludge chamber can accommo- 
date smaller volumes (Emscher tanks). 

The intervals between cleanings m contact beds are so varied, 
according to their construction and demands, that no figures 
can be given. 

The amounts of sludge from the different processes are given 
in the previous chapter. 

As to 2, the favorable condition of the sludge, especially the 
small amount of water contained, must not be altered in its 
removal. If sludge from septic tanks, for instance, must be 
stirred up so as to be removed by pumps, the proportion of 
water, and consequently the entire volume, is increased, although 
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the water is given off again more readily on account of its com- 
position than in plain sedimentation In such cases sludge fiom 
the combined system leads to better results by drawing off the 
upper dilute layer by pumps, while the lower, settled layeis are 
excavated, as m Unna. Sludge from plain sedimentation also 
contains more moisture where the stiirmg process or flushing 
pipes are used 

With the Kremer apparatus, where the sludge of the bottom 
layer contains but 85 per cent, of watei or less (as here the grease 
and cellulose particles which attract a large amount of moisture 
are removed), this preseiwation of the favorable consistency of 
the sludge m its removal is most impoitant. 

Where the fine greasy material is removed separately by being 
passed through several tanks, the ability to keep it separate is 
desirable in order to woik it over into grease, or else to bury it 
wet, while the coarser poi^tion can be dried 

3 The work of disposing of sludge can often be greatly 
lightened by an intelligent use of the land. The places for drying 
sludge should therefore be located as low as possible in older to 
permit of its discharge from the tanks by gravity. This is 
especially desirable where the tanks aie elevated above the sur- 
roundmg land on account of an unfavorable soil for foundation 
and giound water (Rheydt) or where the entire plant is on 
sloping ground (Siegen). 

Much may also be gained by a favorable arrangement of the 
ground plan of the separate parts, such as tanks, sludge wells, 
pumps and beds and apparatus for drying sludge 

As sludge containing much sand does not flow so readily and 
therefore demands a steeper slope in the bottom of the tank 
and in the pipes, it is advisable to place a good grit chamber for 
its interception. The suction of the pumps will then be moi e 
eflflcient and eiosion lessened. 

Much labor can be saved by forethought in designing the 
tanks for the removal of sludge The use of mechanical appara- 
tus, such as will be described later, will be of advantage m 
certain cases. 

4. In spite of the lai-ge numbers of bacteria in sludge (over 
11,000,000 per c.c were found in one English examination of 
fresh sludge) the number of pathogenic germs is small. There- 
fore there is but little illness among the employees of these plants 
that can be traced to them. There is, however, some possibility 
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that the germs of contagious diseases in a city may exist in the 
sewage and sludge in large numbers until they are sufficiently 
disinfected 

For this reason, and because the exhalation from the sludge as 
it piitiefics, as it almost always does in summer, are detrimental 
to the health of the workmen, their personal contact with the 
sludge should be avoided The high wages required to get this 
dirty and unpopular work done can also thus be saved 

5 When portions of putrescent mateiial remain in the tanks 
after the removal of sludge, the fresh sewage entermg becomes 
contaminated and in a few hours septic. The bubbles of gas which 
form in septic tanks cause particles of sludge to rise and then pass 
out in the effluent or adhere to the contact beds, which may be 
inseited subsequently, hastening the process of sludging. In 
this connection all devices foi drawing off the sludge from below 
the suiface, and whose proper operation, therefore, cannot be 
obscived, should receive caieful supervision. 

Foimerly but little weight was attached to this matter in 
England, and as the outflowing liquid became putrescent and 
earned off laiger flakes of suspended matter, plain sedimentation 
tanks were abandoned in favor of chemical precipitation. 

If particles of sludge remain foi any length of time in the tank 
they become compacted and their loosenmg and removal, per- 
haps by flushing nozzles or by Stirling, always becomes more 
difficult 

G It IS unnecessary to point out that the principles applicable 
to all hydraulic work — ^that of providmg mechanical details of 
the greatest simplicity and strength and locating their moving 
paits so far as piacticable above water — are especially important 
m dealing with sewage and sludge One favorable quality in 
sewage is to be noted- that the contained grease acts in many 
cases as a lubiicant on the moving parts with which it comes in 
contact 


Removal of Detritus from Grit Chambers 

Detritus is most frequently removed by suspending operation 
and cleaning it out with a shovel by hand after the sewage has 
been pumped off. For this ptirpose it is necessary to divide the 
grit chamber. A further division is sometimes made in the effort 
to maintain the most favorable velocity for depositing the mineral 
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mattei by changing the flow of sewage by operating or cutting 
out the different units 

In smaller plants the deposited material is often collected in 
buckets set in a steeply sloping pit and these are lifted out by 
cranes Larger plants are often provided with bucket di edges. 
These can be stationary provided the bottom has a steep slope 
(1 1) toward the dredge, but the movement in a vertical direction 
must be sufficiently great for it to be taken entirely out of the 
sewage after being used. This is necessary to avoid obstruction 
to the cun'ent of the sewage and to pi event the rusting of the 
beaimgs In order to provide a steeper slope to the end walls 
with a greatei length to the grit chamber it is advisable to pass 
the chain for the buckets ovei two pulleys, as m Figs. 1 and 2, as 
is done in Manchester. With a shallow pit the dredge must move 
horizontally. Sharp angles between bottom and side walls 
should be avoided, as these will not be reached by the dicdge and 
facilitate deposits of decomposing sludge Cleaning may then 
take place during operation, as at Pianlcfort and Elborfcld. 
With very fine sand this may cause trouble, as it will be stirred up 



I^oa. 1 and 2 — Arrangement for cleaning gnt ohamboTi ' 

and washed out by the dredging. For this reason the dredge 
was abandoned at Marburg In place of the bucket-and-cluiin 
dredge a clam-shell dredge may be used, but, in order to prevent 
mjury to the bottom, only when the plant is not in operation. 

On account of the depth of detritus in grit chambers, its 
removal by pumps or steam ejectors, afe was attempted at Dtissel- 
dorf, 13 not feasible, as the sand is mixed with water which then 
^ to be again separated. At Merseburg, on the other hand, a 
Wegner patent portable suction pump was successfully employed 
which will be spoken of later. ^ ^ > 
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The mechanical devices for the removal of detritus from mesh 
screens and bar screens, which are usually an intrinsic part of 
the plant, will not be partioujarly mentioned here. Fuither 
particulars may be found in Dunbar's 'Trinciples of Sewage 
Ti’eatment”^ and Schineitznei's ^‘Clarification of Sewage"^ In 
smaller plants the cleaning is usually done by hand with rake or 
spade. 

Contact beds are taken apart for cleaning, and the material 
freed from deposit by rinsing or washing by hand or by machmes, 
such as are used foi gravel filters. 

Removal of Sludge prom Tanks, Wells and Towers 

The question of removing sludge from tanks, wells and towers 
in sedimentation plants or from chemical piecipitation tanks is 
of great importance. It is a question mvolving much larger 
volumes and also a moie frequent removal made necessary by 
these methods of clarification. 

We may make a distinction at this point between (a) removal 
with mten'uption of operation, and (b) removal durmg operation. 

a Removal with Interruption of Operation 

In this method the tanks are allowed to remain quiet — for 
tanks are almost always used in this method — for 1 or 2 hours 
after cutting off the supply. The clarified liquid above the 
sludge is then discharged into the outfall through an outlet con- 
ti oiled by gates or stop-planks. With a fixed overflow weir 
there is sometimes a special by-pass channel with a controllmg 
valve. The turbid liquid which then remains in the tank above 
the sludge must usually be drawn off by pumps or a vacuum 
receiver, and conveyed to the influent conduit for a second clari- 
fication. Where there are several tanks it can be brought 
through a sufficiently deep connecting channel to a clean empty 
tank, ill this way saving some cost. This tank is then filled with 
unsettled sewage and the process continued. 

The drawing off of the turbid liquid must be done in such a way 
that it is removed as completely as possible down to the under- 
lying l^iyer of sludge without stirring this up. For this purpose a 

1 "Clanficatioii of Sewose," by I)r. Ing Rudolph SchmeitKiier. Translated by A Elhott 
Kimberly Eng News Pub Co , N Y , 1910 

* "IMnoipIea of Sew&ge Treatment/' by Prof, Dr Dunbar. Translated by H» T Calvert. 
J. B lippinoott Co , Phila , 10(^ 
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movable weir, of which there are vaiioiis t>^es, may be used, or 
channels at diffeient levels, such as aie patented by the firm of 
Ceigei in Ivailsruhe, and have been furnished by them for Elber- 
feld Heie there is a dium whose casing is peifoiated by shoii; 
spii al slits placed behind an iron plate with a vertical slit set in 
the wall of the tank The liquid is giadually drawn off to lower 
levels by the rotation of the drum containing the slits which 
oveilap those in the plate at different elevations. 

The same result is secured at Mumch-Gladbach by a pipe 
which can be telescoped- At the upper end this has been en- 
laiged like a funnel to secure a broad overflow and so avoid 
uneven disturbances. 

At Copenick the emptying of earth tanks having a capacity 
of about 3,440,000 gallons (1300 cbm), is accomplished eveiy 
3 to 4 weeks in 2 days by 8 pipes of 5 85 in (15 cm ) clear 
diameter placed at different elevations These he in a wall 9 ft 



Fro 3 — Fioatiag arm for drawing off aupomatant liquid. 

10 in (3 m) long, which also serves as an overflow weir, and are 
closed by iron flap valves set at the ends on the water side at an 
angle of 43 degiees These are closed by the pressure of the 
sewage and can be opened by chams from above. This simple 
device has proved very eflficient. 

All these aiiangements, however, necessitate careful watching 
durmg operation. This is rendered unnecessary by the floating 
arm devices which were first used in England. 

Here there is a circular or square pipe attached to a fixed 
horizontal one, which can be swung in a vertical plane (Fig, 3). 
The upper end is always kept 8 to 10 in (20 to 25 cm ) below 
the surface of the sewage by one or two floats. Consequently 
the sewage is only drawn off from the top layer. At the same 
time the opening being submerged prevents floating substances, 
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su(ih as scum and grease^ from flowing off The same purpose is 
sometimes served by a protecting box fastened between two 
floats (Fig. 4) or a floating scum board which cuts off a portion 
of the tank m which the floating arm is located and which moves 
in two grooves in the sides of the tank 

A valve is inserted m the horizontal pipe to legulate the dis- 
charge In order to draw the sewage from the tank more evenly, 
the pipe leading to the valve may be divided into two branches 
which drop to each side of the tank (Fig 4). 



Fio 4 — Double floatuig arm 


In employing a vacuum receiver for the removal of the turbid 
liquoi the mtroduction of a well for this liquid is advisable, as 
this renders the eflauent mdependent of the intermittent opera- 
tion of the apparatus. 

In wells where there is not room for such a floating arm, which 
must be longer owing to the gi eater depth, a hose may be used 
which can be lowered by a chain as the sewage is drawn down 
(Harburg), or the auction end of which is kept submerged by 
floats. In general there will be found no necessity foi special 
devices in weUs for the removal of the turbid liquor but the 
sludge pipes can be used for repairs and inspection purposes 

After the roily sewage has been removed the sludge must be 
drawn off. For this purpose a sludge sump should be provided 
in the tank, from which the pump draws off the sludge directly, 
or a sludge well should be inserted. The best position for the sump 
in tanka with the ordinary inclination is directly after the inlet, 
as most of the sludge is deposited here. In the experiments at 
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Cologne with a velocity of 1 56 in (40 mm.) per second in the 
1 1 ft (3.35 m ) long sump (which is placed at the inlet just in front 
of the regulating device for securing a uniform distribution of 
flow), about 45 per cent of the sludge was deposited, while in the 
remaining length of the tank — fully 130 ft. (40 m ) — only 55 
per cent, was deposited. With a velocity of 0 78 in. (20 mm ) 
the proportion was 51 per cent to 49 per cent , and with a veloc- 
ity of 0.156 in. (4 mm ), 70 7 per cent in the sludge sump and 
29 3 at the bottom of the tank (Fig 5) At the same time such 
a location of the sump prevents a silting-up of the cross-section 
and gives to the bottom of the tank an inclination toward the 
inlet favorable to effective sedimentation. On account of the 
opposing cuiient of the sewage, however, the flow of the sludge 
is retarded 


40mm 


20/7m 


4mm 



While it was formerly thought to be advisable in constructing 
sedimentation tanks to place bafl3e walls and other impediments 
to the flow of the sewage in order to promote clanfication, more 
recent methods aim rather at preventing detrimental currents 
and at removing the sludge as simply and economically as 
possible. For this reason the ground plan should be regular in 
shape and above all sharp angles and corners should be avoided 
from which it may be difficult to remove the sludge 

Earthen tanks are not advisable for thorough sedimentation, 
as they require frequent cleaning and, even for experimental 
plants a lining of cement or planks (which have been found 
semceable in Bremen) should be employed. Otherwise the 
clarification tank must be used for sludge drying as well, as the 
muddy bottom would be removed with the hquid sludge In 
drying sludge in tanks, too, it is well that the sub-soil should 
have some marked characteristic, such as a light color. Above 
all, it is impracticable to provide a tank with a natural bottom 
of sufficient slope to convey the sludge readily to the sump. 
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This mcie detail is of particular value in tanks, for it is a 
disadvantage m this type of clarification chamber that the 
sludge must be removed separately from a laige surface, and in 
cleaning by hand must be pushed to the sump by wooden or 
lubber covered scrapers With the frequent cleaning necessaiy 
m sedimentation tanks this results in a great deal of labor and 
expense. It is, moreover, harmful to the workmen, who must 
often wade up to the knees in sludge and inhale the noxious gases 
from the decomposing material. 

The attempt is theiefore made to so construct the bottom of 
the tanks that the sludge, in pumpmg, will always flow by gravity 
to the pump well. 

The slope in general use, say 1*100 (Mannheim and Cassel) 
to 1 45 (Hanover) is not sufiicient, for experience has shown 
that some aid by manual labor cannot be dispensed with in 
these tanks. 

For an easy, automatic flow with settled sludge contaming at 
least 90 per cent of water a slope of 1 10 to 1. 15 is necessary, 
depending on whether there is much sand and coarse material, 
or whether there is a fine, fluid sludge. Such a steep slope is 
not feasible with tanks 130 ft. (40 m ) long. In some tanks a 
channel for the sludge has been built in the bottom, which grad- 
ually increases in depth and, for example, in Mannheim with an 
inclination of the bottom of 1:100, is given a fall of 1 50, in 
Munich-Gladbach one of 1 25 The attempt has been made, 
in addition to increasing the fall, to reduce the friction of the 
sludge in the deep channel relative to that spread out m a thm 
layer over the whole bottom. But even in this way it is not 
always possible to attain an automatic flow, as the inclmation is 
still too small, and, moreover, on account of its fluidity, the sludge 
assumes a horizontal surface and does not flow from the sides 
into the channel and so into the sump, but spreads, rather, in a 
broad stream over the whole of the bottom. The channel, also, 
with its steep sides and curved invert, renders subsequent clean- 
ing by hand more difficult. 

To facilitate this, or, possibly, to install an arrangement for 
removing sludge which will be described further on, the tank 
should be built with a basket-shaped cross-section, or with 
straight lines and a steep diagonal slope, but without sharp 
edges or comers 

In Frankfort-on-the-Main, to entirely avoid subsequent clean- 
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mg by hand^ two sludgG suiiipH wcic constiiictcd m ii tiink 
135 8 ft (414 m ) long, and the bottom had a loiigitiidiiuil 
inclination of 1 10 toward these (Fig 0) The diagonal slope 



at the ends juid in tlie middle 
was 1 3, and near the sumps 
1 2 (Fig 7) These have a 
diameter of 8 2 ft (2 5 m ) 
Their bottoms aic conical 
with an inclination of 1 ] . In 
addition, all sui-facos exposed 
to the sewage arc liiu'd with 
glazed brick oi, wJuu'c this is 
not possible, as on small 
lounded angles, with smootlily 
dicsaed sandstone In tins 
way a perfectly automatic flow 
of sludge toward the sumps is 
secured. Moi cover, a pipe 
for water under pressure with 
many connections has been 
laid, by the aid of which a 
thorough cleaning may be 
effected by jets, for the glazed 
surfaces gradually beconuj 
coated with a sticky liiyov 
which inci eases the friction of 
tho fiowmg sludge. 

Fuithcr attempts to divitU* 
the bottoms of tanks into 
sepai’ate hoppers facilitate t,Jio 
flow of the sludge and aid 
parficularly in its removal 
during the operation of the 
plant and will therefore bo 
treated of later. 

In general every plant should 
be BO constructed avS to abso- 


lutely prevent any deposit of sludge in the receiving chainliers, 
branching channels and entrance galleries by ensuring an ample 
velocity to the stream We should endeavor to simplify the 
process by separatmg the sludge at as few places as possible 
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because, from the lack of suitable provisions, the removal of 
sludge from these parts of the plant can seldom be accom- 
plished without interfering with the operation. 

The next step is to effect the concentration of the sludge in the 
diiection of the pump pit by mechanical means, and thus lower 
the cost 


Fia 7 — ^Development of oroasnaeotioa of ohamber with pump pit 



In the plant at Bremen a kind of wooden sludge cai of simple 
construction is used (Fig. 8). This is about 14.8 ft. (4 5 m ) 
wide and runs by means of flanged iron wheels on substantial 
planks -ysrhich project about 4 m. (10 cm.) above the wooden 
flooring with which the shallow tank at that place is provided 
These shallow tanks, which are about 65.6 ft. (20 m.) wide, are 
therefore divided into 4 longitudinal strips corresponding to the 

3 
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width of the car The car has an adjiistalile sriuecf'ce on lh<‘ 
forward aide provided with a stiip of rubboi and is diawii li\ a 
rope fiom the effluent end to the sump at the inlet 'I'lio viiid- 
laas IS turned by the engine which operates the dii'dgo, and as 
the lope runs over a guide-pulley it can be used for all four tanks. 
The leturn movement is accomplished liy another ■wire io|i(* 
which IS drawn by a movable windlass operated by hand H'liis 
motion could have been effected by the engine already nieiil,ioii«'il 
if the lope were led through guide pulleys around llu' tank, as 



customary with steam plows which are tlriven by om* ongmn. 
To move the car across the end of the tanlc and for lifting across 
the wall separating two tanka, four wide rollom are used which 
can be mserted or removed by means of scrmvs. Although 
where there is an accumulation of sluilgo, the car must innke 
seveial tnps, yet 78 to 92 cu yds (60 to 70 cbm.) of sludge can 
be lemoved from a large [commonly 32,300 sq. ft. (.3000 sci. ni.)l 
and nearly horizontal tank, by two men in one day, while for- 
merly It requiied nine men for perhaps three days to do this. 
Moving the car acioss of course makes it necessary for th(> iiimi 
to get mto the tank, but this is only at the effluent end wliero 
thei e IS little sludge and occupies but little time. 

constructing in each of the 
shallowtanks, 328 ft (100 m.) long, a sludge-pushing ciu- (Fig. Q) 
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which, on account of the nairow width of the tank, serves for 
the whole cross-section It is said that all the sludge in the tank 
can be removed in 15 minutes. It is doubtful, howevei, if the 
sludge can be removed by this apparatus without also drawmg 
off the upper layer of sewage, for the wateiy sludge, on account 
of the slight diffeience between its specific giavity and that of 
the sewage in a full tank, would piobably rise in front of the car 
and flow ovei it, aided by the current induced by the motion. 
This cannot happen with an empty tank on account of the density 



Fia 9 — Ashton-appamtufi for removing aliidgo from uhnllow taukn {BaUon ) 

of the sludge with its contained water. With a rounded cross- 
section of the tank such an apparatus, modeled after a canal- 
cleaning car, could be used and could be driven by a light movable 
windlass, preferably run by electricity The whole constmction 
could be made much simpler and lighter by having the rope 
attached to the squeegee at several points The question of a 
gam in efficiency depends upon a uniform cross-section for the 
entire length of the tank. 

6. Removal of Sludge During Operation 
1. Construction 

The somewhat costly and troublesome process of removing 
sludge during a suspension of the flow* led early to the devising 
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of ways and means for simplifying and cheapening the woik by 
continuous removal Wells were first considcicd for this puipo.se, 
because the comparatively small sludge tank, cspceitilly in 
chemical precipitation, which was then in general use, with ils 
large volume of sludge, required frequent cleaning, while its 
form offered the fewest difficulties to continuous loinoval. 

Its principal advantage is in avoiding the costly lenioval of the 
turbid sewage, which in most places must be duiwii off by piuniis 
from tanka as well as from wells, and especially where the process 
npcessitates frequent cleamng this is an important consirleration, 
Moreover, the entire plant can be in use, while otheiwise to avoid 
overloadmg it must be constructed of greater size m order to 
allow for those parts which lie idle during cleaning. It ciiu be so 
designed, moieover, that only the dried sludge is expos('(l, 
provided closed pipes are used and the drymg is done hy a 
mechanical process described later on, so that the demands of 
hygiene are more completely met and foul odors aio almost 
ehmmated But even if sludge is dried m the open air this 
method offeis gieat advantages, especially if the places for 
drying aie at some distance from the treatment plant 

A disadvantage m most plants cleaned during operation lies 
m the fact that them sludge contains a greater amount of watei , 
not less than 95 per cent. 

Where it can be utilized in this wet condition without further 
transportation or where ample areas for diying witJi favorablo 
sub-soil and location are available, this matter is of less import- 
ance. 

In those plants, on the other hand, where the drying or hand- 
ling IS done by machmes whose size would have to bo increased to 
correspond to the gi eater volume of sludge, one should consider 
whether the mcreased efficiency will pay for the greater outlay. 
As this manner of removing sludge always requires a material 
that will flow, it must often take place before it has fully settled. 
It is therefore especially adapted to thorough sedimentation, 
that is, where the clarified sewage is discharged to the stream 
without subsequent treatment and consequently must not bo in a 
putrescent condition The sludge shows an easily flowing con- 
sistency when it contains a small amount of grease, although iL 
contains but little water. The Kremer apparatus is therefore 
particulaily well adapted to the removal of sludge dui'ing opera- 
tion, because we have with it the separation of the fats and cellu- 
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lose which lire found in the paitly clarified upper stratum of the 
liquid, while in the lower pait we have the descending sediment. 

It goes without saying that one can never predict with cer- 
tainty icgarding any of these details that all the sludge will be 
removed, and hence that there is no more putrescible matter 
present. 

Removal of sludge during operation is effected either by the 
consti'uction of the plant or by the introduction of some special 
mechanical device. Sometimes both of these means are em- 
ployed, 

A favorable concentration of the sludge at the bottom should 
be aimed at in the design. This end is most frequently attained 



with wells. As alieady mentioned, these are almost universally 
arianged for the removal of the sludge without pieliminary 
emptying. With their comparatively small dimensions it is 
usually easy to give the bottom such an inclination that the 
sludge will flow by itself toward the suction pipe of the sludge 
pump at the center. A slope of 2 ; 1, as is found in the so-called 
Dortmund tank (Fig. 10) and which is also used in England, 
suffices for all cases. A slope of less than 46 degrees, as in the 
sludge well constructed in the clarification tank at Frankfort, 
will permit a slippery sludge to slide off if submerged. The 
angles between the vertical walls and the conical base should 
receive especial attention, as experience mdicates that the sedi- 
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ment in the sludge settles here This can be pi-evented to a 
certain extent by rounding these corneis 

Naturally, the degiee of roughness of the bottom helps deter- 
mine the slope In lai‘ge plants it is well to make experiments 
with the sludge which comes from the sewage to be treated, 
unless the slopes have been detei mined by leliable experiments 
with different kinds of dudge on diffeient surfaces fiom which it 
slips off by its own weight * 

It should furthermore be noted that in course of time a sticky 
coating is deposited on the smooth surfaces, reducing their 
efficiency very considerably — especially in the case of smooth 
enameled or glazed surfaces and those of glass — and that their 
cleaning necessitates a cessation of operation. 

The cone formed at the bottom of the wells corresponding to 
the natui al slope of the earth will not sujSice foi a free removal of 
the sludge. 

It has been shown by experiments of Schoenfelder at Elberfeld 
that a steeper slope is lequired to secure an automatic sliding of 
the sludge if removed under water than if the supernatant liquid 
is first drawn off, and that special precautions should be taken in 
the process Here it was observed that the sludge was deposited 
in horizontal layers not of umform thickness, paiaUel to the 
bottom. When the sludge was drawn off at the deepest point a 
funnel was formed After this the sludge failed to slide, although 
having a slope of 1 ‘3, but this did occur immediately after draw- 
ing off the supernatant sewage. The explanation of this is that 
the difference in weight between the saturated sludge and the 
turbid sewage above is too slight to overcome the friction of the 
surface at the bottom and of the surface in contact with the 
turbid sewage; for the weight of the sludge is reduced by that of 
the displaced sewage, while in the case of empty tanks the 
weight of the sludge becomes effective. The funnel mentioned 
gradually closed in again under water so that in a half hour it 
was always smooth and horizontal. 

This was confirmed by experiments at Cologne. Here the 
sludge was to be pumped from under water out of sumps having 
a slope of 1 1, It soon appeared that after a few minutes only 
water came out, which found its way through the compact sludge 
near the suction strainer and carried with it only a few frag- 
ments of sludge which it was able to dislodge This, which is 
also confirmed by practice and experiments elsewheie, proves 
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tlial. the leniovtil of sludge under water and without stirring up 
tlie deposited material is only practicable bcfoie the sludge is 
fijinly settled in place. The composition of the sludge is of 
importance in this connection as the greasy niatenal forms a 
light but firm mass, while sludge from septic tanks which is kept 
in motion by frequent paitial removal, as in the Emscher tank, 
and, by the gases rising from it, can easily be lemoved dining 
operation. 

In these plants, which, as is known, are a combination of 
shoi-t sedimentation tanks, with septic chambers below, the 
difference in quality between the fresh 'and septic sludge is 
taken into account by giving the floor of the upper part a slope 
of 1 1 / 2 1, and m the most recent structui es this is covered with 
glass plates laid on reinforced concrete suppoits to lessen the 
friction Such precautions are necessary in older to induce the 
settled sludge to slide down in thin layers to the lower chamber 
as soon as possible. 

As the experiments of Grimm (which led him to introduce 
sedimentation plates in the tanks) have shown, this is promoted 
by the fact that colloidal inattei has a marked tendency to foim 
a gelatinous coating by friction, oi even by contact, with a solid 
body. This is then set in motion on the steep surface by gravity, 
and in roUmg down carries with it the parficles of sludge which 
are in the way. In order to convey the septic sludge, which 
fills the lower tank in a great mass, to the sludge pipe a slope 
of 1:2 is sufficient, to which may be added a flushing pipe to be 
described later. 

The many other forms of wells which have been constructed 
in view of the particular end to be reached, and especially for 
chemical precipitation in all its different phases, more parficularly 
with reference to the introduction and distribution of the sewage, 
are subject to the same principles regarding the removal of 
sludge as the Dortmund tank, given os an example The same 
IS true of the short, ahiUlow tanks, having the base constructed as 
a pyramid, with sides sloping at 45 degrees or more in order to 
facilitate the removal of sludge. The advantage of this form is 
made evident by the simplicity with which the desired puipose is 
effected. 

The attempt has also been made in various ways to remove 
the sludge from the ordinary long shallow tank while in use. 

In Thorn the bottom of a tank fully 65.6 ft. (20 m.) long and 
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peihaps 26 2 ft (8 m.) wide, having sides with a slope of ](>hs 
than 45 degrees was divided for this pm pose into 4 pai ts (Fig 1 1 ) ‘ 
by constructing saddle-shaped division walls, from the lowest 
point of which the sludge was led under water pressure to the 
sludge channel which was used in common for two tanks. 

A similflr solution by the use of hopper-shaped bottoms has 
been employed by Schoenfelder at Elbeifeld (Fig 12), but their 



Plan 



Longitudinal Section 



Transverse Section. 

Fia 11 — Sedimentation tanks at Thom. 

dimensions have been made quite different for the following: 
reasons As the laigest amount of sludge settles in the first 
quarter of. the tank, as was observed in the Cologne experimonts, 
the last hopper-shaped compartments, if the tank were composed 
of compartments of equal size, would require very much longer 
to fill with the fine sludge than the first ones m which the coarser 
constituents weie settled out. In this way a separation of the 
sludge accordmg to its composition was effected This is 
particularly valuable because the fine sludge, on account of the 

1 rig 11 is taken from Salomon's " Die Btadtiaohe Abawasaerbeseitlgung in DeutsohJand/* 
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light weiglit of particloH of fat, containa the moat grease and 
can later bo manipulated ao an to acparate this out, while the 
coarse sludge, on account of the small amount of grease, can be 
drained more quickly and easily. For this reason the sludge 
tank at Elberfeld is divided for the piupose of receiving these two 
kinds of sludge, without, however, any 
use being made of the device as yet. 

Another advantage is that the hoppeis 
for the fine sludge can have less slope, 
on account of its greater fluidity, at 
least in the upper poition, besides being 
of smallei dimensions. Experiments 
with a model demonstrated that less 
slope was lequired for the concenti ation 
of the sludge underwater, while a steeper 
one was required to avoid the formation 
of funnels while foicmg it out. Theie- 
foie steeper hoppers were inserted to 
ensuie a removal of the sludge 

The easiest way to measuie the height 
of the sludge in wells and tanks is by 
lowering a sheet iron plate attached in 
a horizontal position to a measuring 
chain. By the increased resistance to 
the vertical movement of such a plate 
in sludge in comparison with water one 
can determine with sufficient exactness 
the height of the sludge by reading from 
the chain. 

It is not sufficient to concentrate the 
sludge at one or more points under the 
sewage, but it must also be delivered, 
and herein lies a particular difficulty 
in the removal of sludge during oper- 
ation. 

The delivery of the sludge can be 
accomplished 1. by suction with pumps, vacuum receivers or 
similar apparatus in the same way as in its removal during 
suspension of operation; 2. by drawing it off by the aid of 
hydrostatic pressure, either toward a deeper channel or sludge 
well or, under pressure, through a rising main, so that it is dis- 
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charged but a little bclo\^ the level of the suiface of the sewage 
in the well or tank. 

The inbertion of a sludge well in making use of vacuum appa- 
ratus is of advantage, as m this way a unifoim flow of the sludge 
is procuied and fluctuations of the flow resulting m the entrain- 
ment of laiger amounts of water, as may leadily occui by the 
intermittent operation of such an arrangement, may be avoided. 
Moreover, this peimits observ^ation of the amount of water con- 
tained in the sludge deln^ered from plants to which it is adapted; 
which is otherwise only possible at the end of the rising mam, 
and as this is often at some distance from the clarification plant, 
it IS impracticable 

In forcing sludge through a rising main there should be a 
difference in elevation of 2 6 to 3 3 ft. (0 S to 1 0 m ) between the 
suiface of the sewage and the dischaige end of the pipe with 
ordinary settled sludge. With the Emscher tank this should be 
increased to 5.0 ft (1.5 m.) Here two flushing pipes are pro- 
vided for water under pressure of which one, forming a ring, is 
perhaps at the elevation of the connection between the cylmder 
and the comcal base, and, with its orifices directed downward, 
is mtended to assist the sludge m sliding down the gentle slope of 
the base. The second terminates opposite the entrance to the 
sludge pipe in a loop with three orifices directed toward the 
center. This serves as a supplementary aid and to start the 
flow in ease large masses of grit should collect there As a failure 
of such plants is usually through refusal of the sludge which has 
accumulated in the pipes during a cessation of operation to flow 
after opening the valve, it is adWsable to provide the sludge pipe 
with a branch pipe from the water main, as has been done with 
the Emscher tanks, so that the pipe may be filled with water 
after each emptying of sludge and the remaining sludge forced 
back to the tank. By means of these pipes positive action can 
be secured under difl5ciilt conditions, as the author can testify. 
The use of the two last-mentioned pipes is always well where 
there is diflSculty in forcing out the sludge, especially in large 
plants where there is almost always water under pressure avail- 
able for flushing purposes. The sludge pipe should always be 
as straight as possible, avoiding sharp curves, which cause a loss 
of pressure. 

In conve3dng dudge under pressure where the operatiofn is not 
continuous, care should be taken, in starting it|3 movements, to 
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avoid the formation of the funnels already mentioned. For 
although the watei exerts a uniform pressure on the neaily 
hoiizontal sui-face, the vertical column of sewage ovei the pipe 
entrance will be set in motion by the sudden opening of the 
valves and will then settle and so increase the height of the 
column above. This, with the fiiction of the masses of sludge 
on the bottom and sides, helps in the formation of a funnel. 

This can be effectively prevented by a device called a sludge 
cylinder (German Patent) of the Company for Sewage Purifica- 
tion (Beiiin-Schoeneberg), which can be attached to their 



Fig 13 — Kromor apparatus 


Kremer apparatus (Chailottenburg) (Pig. 13). The bottom of 
the tank converges to a hopper having an inclination of less than 
60 degrees with the horizontal, and is continued as a cylinder 
2 ft. 7 1/2 in. (0.8 m.) in diameter, in which the sludge is collected. 
The sludge pipe ends at the bottom of this cylinder,, and through 
this the sludge is removed by hydrostatic pressure The forma- 
tion of funnels with the resulting discharge of sewage is not 
possible in the narrow cylinder, so the sludge, which contains 
comparatively little water in the Kremer apparatus (80 to 85 
per cent.) is removed from the tank without change in its favor- 
able composition. 
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2 Mechanical Contrivances for RioMt)VTNG 
Sludge During Operation 

These mechanical devices may be classified as follows: 

1 Those which, by stirring, mix the rcfiiiired aiuoimt of 
water with sludge that is not adapted to coutiniioiiH I'ciiioval, 
or at least assist m mitiating its movement. 



Fig 14 — Stirring device and akimmor in fledlinentatlcm tower In tho 


lignite prooess 


2 Those which collect the sludge at certain pointB, from 
which it may be readily conveyed. 

3 Those which, without materially affecting its settling, 
draw the sludge off from the place where it has been deposited. 

The stirring devices of the first category act in opposition to 
the principle laid down at the beguinmgof the section, that the 
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consistency of sludge should not be detiimentally altered in 
removal, and are therefore to be avoided as much as possible. 
They are sometimes installed later if the sludge does not flow of 
itselt on account of too flat a slope in the bottom. If lemoval 
takes place duiing suspension of operation, the height of the 
stirring device above the bottom should be adjustable from 
above, so as to l^e always in contact with the top layer. (Wells 
at Mairich, Ncustadt O.-S ). The chief occasion for then use is 
in the towers used in lignite tieatinent, as stiiTers can only be 
used in wells or towers. They are commonly provided with a 
device for maintaining a light contact with the sludge surface 
and aie kept continuously in slow motion (Fig. 14). The flush- 



Fzo. 15 — Skimming apparatus and sludge tank in tho Kromer apparatus. 


ing pipes with water under pressuie, already mentioned, as well 
as an angeiuents for securing the flow of sludge by compressed 
air, should be included heie. Stirring the sludge is said to pro- 
mote its digestion in Emscher tanks, but disturbs uniform set- 
tling in sedimentation tanlcs. 

Arrangements for concentrating sludge are based upon the 
same idea as the apparatus described for use during suspended 
operation, but the construction may be lighter as the volumes of 
sludge to be disposed of on account of more frequent removal 
are smaller and do not offer so much resistance. In an experi- 
mental Kremer apparatus at Charlottenburg a simple surface 
scraping apparatus was found seiwiceable in a square tank with 
a flat bottom. The apparatus (Pig 15) consists of a scraper m 
the shape of a board which can be turned on its upper edge 
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Fia 10 — Spiral ahaped sludge collector {Fidlor PtUent ) 



SliG 17 — Sedimentation tank (Candy ayatem) with rotary sludge 
discharge pipe. 
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duimg its revel se motion Tins scraper is operated by two 
vertical lods which are attached to a Bnndl four-wheeled car 
luniiing on lails placed over the upper edges of the tank and 
moved by hand 

The scrapei m the stirring device of the lignite process towers 
operates in the same way, and for wells having a very steep base 
a scrapei composed of a vertical scraping boaid which forces 
down the particles of sludge adhering to the walls may be found 
useful. The motion, which can be transmitted by geaiing, 
should be veiy slow in this, as in the following apparatus, to 
avoid the formation of detiimental currents 

The patent sludge collector of Fidler works by collecting the 
sludge hy a rotaiy motion and can be installed m wells having a 
flat bottom It is also used at Bolton in a long lectangular tank, 
whore several such appliances are placed side by side. On 
account of the dead comers some supplementary hand labor 
IB required, howevei. As sho-vvn in Fig IG, the sludge gatherer 
consists of a spiral-shaped iron band which is set in motion by a 
haud-opeiated gear and which sweeps the sludge to the centei, 
fiom which it is drawn off by suction or forced out, as illustrated 
in the cut Twelve large wells on this system have lecently been 
installed at Bury. 

The arrangement in the third categoiy consists of a perfoiated 
pipe laid close to the bottom and connected with the sludge pipe 
and into which the sludge is forced by the pressui*e of the water. 
A rubber squeegee can be attached to this pipe which scrapes the 
sludge from the bottom. Fig 17 shows such a pipe in a well of 
the Candy system. This is also connected with a wall scraper. 
Motion is derived from a gear-wheel operated by hand. The 
same principle applied to a shallow tank is shown iii Fig IS, 
repicsenting a plant in Heywood. The perforated pipe is guided 
heie by two rack rails into which the pinions conveying the 
motion engage. The sludge is here laised up by a siphon over 
the aide wall and into a channel which is cominoii to two tanks 
A pressure of 3 ft. (0.90 m.) is sufficient. The siphon is started 
by cutting out the upper part b}'- the valves a and b which is then 
charged with a pump operated from the same platfomi as the 
moving machinery The horizontal suction pipe is provided 
with a rubber squeegee. A disadvantage in this form is that 
important moving parts of the machine are submerged. 

These contrivances for removing sludge require for reliable 
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operation a liquid, easily flowing sludge and must therefore be 
cleaned out every day, or at least eveiy two days. The sludge 
obtained contains about 97 per cent of moisture, as the turlnd 
sewage finds its way to the entrance more readily than the sludge 
is diawn off from the bottom. With a pipe which rotates about 
a cential axis it follows that the motion is slower near the center 
of the tank, while the fiiction is reduced on account of the short 
length of the pipe, therefore moie sewage is taken in heio. As 
this sludge, with 97 per cent of moisture, has twice the volume 
of that with 94 to 95 pei cent in the Dortmund tank when in 
operation, with the same amount of dried matter, the use of this 
method of collecting sludge is seldom to be rccommondcd 
Besides, with a larger proportion of mineral matter, as often 



Fia 18 — Movable sludge discharge pipe for scdimoutation tanks. 

occurs aftei a thunder storm, the operation is more difficult and 
uncertain In the Fidler system this is not the case. As sludge 
containing less water is secuied here, while its delivery romaiiis 
the same, this should have the decided preference. 

While the aim of all these stiuctural or mechanical arrange- 
ments for removing sludge during operation is to collect tho 
material in clarification tanks, or at least to draw it from theso 
directly, there are some which enclose it in a special chamber or 
compartment without lemoval of the supernatant sewage, the 
intention being to prevent subsequent admission of the turbid 
sewage and its mixture with the sludge and to secure the latter 
as free as possible from moisture. 

It is well to consider here the introduction of a partition wall 
with a valve (sluice gate) leadmg into the sludge chamber which 
has been found valuable in the Kremer apparatus at Charlotten- 
burg (Fig. 15) and has also been used in similar plants by the 
Sewage Purification Company This'permits a discharge of the 
accumulated sludge with no fear that the turbid sewage will pass 
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out with it The Rliulgo can bo diawn off from Iicmo, in wliich 
caHo a pipe for the adiiiisHion of air should bo inseitod fj'om the 
sludge tank to above the suiface of the sewage, or it may be 
foiccd out by the introduction of compios.sotl air. 

(Jrimiii {Gri^mdhcits Imjcnietir, 1900) attempts to apply the 
foiogoing piiiiciplo to shallow tanks in a somewhat different 
way. Tlio bottom is divided into hoppers 10.70 sep ft (1 sq in ) 
ill area with side slopes of 45 degieos, fiom whose lower points 
vertical pipes load, each row of which is connected by a ti’ans- 
verso pipe (Fig. 19) The sludge slides into theso pipes, winch 
have a diameter of 3.9 to 5 9 in. (10 to 15 cm.) and may increase 
in size at the liottoin, and its separation is facilitated by hoods or 
plates, according to Travis* theory, through which the water is 



forced out The height of the accumulated sludge can be 
observed for each transverse row of hoppers in a glass stand piiio 
connected with the sludge pijie at the traveraoablo sludgt^ pas- 
sage-way.^ When the depth is sufBeieiit, the tops of these 
sludge pipes are closed by plugs carrying an tiir pipe ren(*hmg 
aliove the surface of the sewage and rendered aecessiblo by a 
movable foot biidg(‘. When the valve of the sludge pip(5 at 
the passage-way is opened, the sludge is diseharg(»d by gravity 
or suction, while air entei's by m(‘aiiH of the aforesaid air pipe's 
through the plug valves. When the sludge is drawn out and the 
gate valve closed the pipes will fill again with turbid sewage by 
opening the plug valves and are then ready to ro(;eivo sliidgo 
once more. By tliis arrangement, if the plug valves are tight 
enough, the subsequent entranc'e of turbid sewage in iircventc'd; 
that is, a dry sludge is secured by allowing it to accunnilute in. 
a thick layer. By providing a steep slope in the cross pipes the 

^ la the diviaiem wall between the tanks. Trans. 
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flow will be facilitated In order to realize all advantages, 
however, this plant lequires conscientious superihtendeiicc 

A company for the purification of water and sewage at Neu- 
stadt a d. H has a patented device called a sewage preparer 
which prevents the sludge, that has accumulated in the sludge 
channel of a short tank having steep slopes on each side, from 
passing through the tank with the cuiient, by a series of hori- 
zontal shutters operated from above This is said to reduce 
the friction m continuous treatment and facilitate sliding. If 
the shutters are laid flat they shut off the sludge channel on tho 
side of the tank, leaving an entrance only at the upper end. By 
opening the gate valve sludge will be forced out of the channel 
by the pressure of the sewage above, as though from a tube. 
It is doubtful, however, whether the shutters in the lower part 
of the sludge-filled tank can be closed tightly enough to prevent 
the tuibid sewage from mixing with the sludge in large quan- 
tities, especially in the neighborhood of the outlet, as tho moving 
parts are mainly imder water and cannot be constantly watched. 

c.. Contrivances and Conduits for Conveying Sludge 

Vaiious contrivances have been employed to remove the grit 
from clarification tanks in case the sludge cannot be forced out 
by the pressure of the sewage above. These aie: 

1 Dredges. 

2. Pumps. 

3. Vacuum apparatus. 

4. Various other contrivances. 

1. As already remarked, dredges are chiefly used to dean out 
grit chambers The transport of the material in large plants 
is often accomplished by belt conveyors. 

Dredges should not be used to remove sludge from clarification 
tanks, especially dmnng operation, as a thorough cleaning with 
them is not possible. It is also better to use other contrivances 
in sludge wells, on account of the dirtiness of the operation 

2. In using piston pumps the gi'eat diflBculty encountered is to 
keep them water-tight, as they soon become worn out by the 
sand brought in. The valves, also, often intemipt operation 
and should therefore be placed where they are readily acoessihlo. 
Hence it is an advantage to have a good gnt chamber for the 
protection of the pumps. It is also to be noticed that in very 
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sandy sludge the suction lift is reduced, so that pumps and 
vacuum apparatus must be placed lower Coarse bar screens 
are also necessary with all kinds of pumps, to prevent pieces of 
wood 01 other coarse mateiial fiom injuring the pumps. If these 
coarse screens are placed in the tank in fiont of the sludge 
channel or sump, as at Mannheim or Munich-Gladbach, the 
amount of the scicenmgs will he less, because much of it, especi- 
ally lumps of fecal mattei, disintegrate in the tank; but tlieir 
removal from the liottom is less cleanly and more troublesome 
It is advisable to install a sludge well where the sludge is not 
removed during continuous ti’eatment, as the pumping plant 
may then be made smaller without increasing the time of re- 
moval With a very viscous sludge it is of advantage to have a 
etii ring device operated in connection with the pump 

Diaphragm pumps, such as those furnished by Bopp and 
lleuther of Mannlicim foi the claiification plant at Hanover, are 
Huperioi to oidmaiy piston pumps and are also much used else- 
where. lleic the piston woiks in clean water, which conveys 
the pressure tluough diaphragms to the sludge which is to be 
delivered. 

Centrifugal pumps are also well adapted to the transport of 
sludge, but it is important that the impeller should be accessible. 
With sandy sludge there is a great amount of wear on the packing 
rings They are particulai’ly serviceable in 'pumping roily water 
because of their simple design, especially when operated by elec- 
tricity. By means of connecting pipes they can also be used for 
reserve power in pumping sludge. 

For small plants and os a reserve in those where sludge is 
propelled by hydrostatic pressure, the well-known diaphragm 
immps are very useful 

3. With a vacuum apparatus it is wdl to connect two receivers, 
so that the air drawn from one will serve to force the sludge from 
the other, which was previously filled. The air pump must 
therefore be arranged to act as a vacuum and force pump. 
The operation of the valves is then automatic. To prevent the 
sludge from running into the air pump a U-shaped pipe should 
be insei’tod between it and the receiver, the top of which should 
be at least 33 ft. (10 m ) above the highest level of the sludge 
Vacuum receivers are especially necessary where, from absence 
of grit chambers and screens, much coarse material is mixed with 
the sludge. They may also be used to propel the sludge for 
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long distances. In Oppelu the sludge i.s toiced ft (1 100 ni,) 
in a pipe 12 in (300 mm ) in diamet(‘r liowcncu*, uecupy 

more space than pumps 

TJie patent Wegner vacuum wagon woi ks on tlu' name priiudpli^ 
as the vacuum receiver. Here, in a p()rtal)lo rt'ceiver which 
can be used to transport the sludge, the air is rarilh'd hy e\- 
plodiug benzine, causing the sludge to bo suck(‘d in This 
apparatus is especially lecomniended for use w’llh v<’ry small 
plants wheie, because of the proximity to iinpioved ])rop(Mty 
or public works, it is desirable to have an odoiless r(mio\al of 
the sludge without the necessity of constructing a spt‘cial plant 
for pumping it As the receivei can lie brought to any lank or 
well, the cost of sludge pipes is saved TJie removal is also ikIoi*- 
less. This mode of operation has been found V(‘J y Hatisfaclor^ 
at Meiseburg In some cases the pneumatic apparatus usi‘df(ir 
cesspool cleaning can be used in the same way. 

4. The steam ejector, among other contrivances, slionld Is' 
inentiojicd next. This has not been found useful in ch'aiiing 
grit chambers on account of the consistency of the <lelritiis. 
This difficulty might not hold in the case of the li(|Ui(l sludge 
from tanks, but the disadvantage of the largo consniiiption of 
steam outweighs tlie advantage duo to its Hini])li' c()nsl.rucli«m 
and the small amount of room taken uj) In si*w('rage svsliwiis 
in which the sewage is lifted by compressed air tludr ust‘ may bo 
considered. 

In the recently installed plant at Siogon an effort was ma(l(‘ (o 
convey the detritus of the grit chamber which li(‘s at a high 
elevation, by moans of a horizontal spiral screw (leliv(*ring iiilo 
a tip car at the outlet end, without intermpting operation of iln* 
plant, but as yet without success. 

Sludge inpes should always lu' acc(‘ssible on ac.oounl. nf tim 
liability to stoppage, and should, thc'roforo, not Ix^ (‘iiclosod in 
masonry for any great length. It should, mor(‘()VPr, be possibh^ 
to produce a strong scouring current by water jin^ssure or by the 
aid of sludgo-propelhng devices. Honi(*times an open trav(*rsablo 
channel between the tanks, in wliich tJie pipes are laid (Mlborfidd) 
or into which the short sludge pipes open from the side (Maiiich 
plant at Guben and Ohrdmf), serves as a sludge channel. This 
has the advantage, where sludge is removed during oporutitm, 
that one can see the amount of water removed as soon as it 
comes out and act accordingly. The advantage of the possibility 
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of iisiniLi. a pipe which opens ijito the shidgo-wcll as a siphon to 
produce suction is, howcvei , lost 

The open channels to convoy tJio sludge to the diyiiig beds, 
which are intended to be used in the day time, should have the 
maximum hydraulic radius in ordei to i educe the fiiction. 

The inclination which should be given pipes and channels to 
secure a flow of sludge without assistance depends upon its 
nature and should not be too light Veiy liquid sludge, with 
about 95 per cent of watei and but little sand, may undei some 
circumstances be given a slope of 1 100, but 1 80 is better 
For sludge obtained with interrupted oj^eration a fall of 1 40 
to 1 50 is necessary The plants of the Emscher Association 
have grades of 1 20 to 1.40, while the pipe conduits at Elber- 
feld have 1 30 

Enclosed pipes are always pieferable to open channels for 
hygienic reasons, especially for long distances. Moi cover, the 
sludge is more readily moved and deposits of sludge can be moie 
easily flushed out 

The valves in the sludge pipes should be strong and simple. 
Those which have a beaiing on one side only should have the 
operating screw on the outei side engaging in a lack on one side 
only Valves m pipes should be designed without a bottom 
groove, and should bear on the narrow edges of the disc m order 
to prevent an accumulation of coarse material which would 
prevent the valve from closing 
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Reduction of the Water in Sludge 

The large amount of water in sludge is a drawback to its use in 
any way and reduces its value on account of the work involved in 
its reduction If it is used while wet the valueless water it con- 
tams limits the area to which it can be applied, on account of the 
increased cost of transportation Moreover, this liquid condi- 
tion adds to the difficulty of transportation, as this can only 
be accomplished in water-tight vessels, and temporary storage 
in the field is impracticable without much preparation and 
apparatus. 

With perhaps 75 per cent, of moisture it can be loaded with a 
shovel and does not require a perfectly water-tight vessel 
With 60 per cent, of moisture it is quite firm and resembles damp 
garden mould. It should therefore be reduced to this condition. 

Fig. 20 shows at a glance the relation between the amount of 
water removed and the consequent reduction of volume The 
curves represent sludge of different degrees of original moisture, 
volumes in per cent, of that from wffiich the water has not been 
extracted being represented by ordinates, while the abscissas 
represent the degree of de-watermg in percentage of moisture 
contained in the whole. The horizontal line hmits the volume 
of the dried residue, which remains constant The distance of 
the curve from this line gives the amount of water contained m 
the sludge. 

It can be seen here how much water should be removed to 
reduce the amount in a wet sludge by 10 per cent, and how the 
quantity of water necessary to reduce the moisture to a given 
percentage rapidly diminishes. For example, from 100 lbs of 
sludge contaimng 90 per cent of water (Fig 20) 50 lbs. of water 
must be removed to reduce it to 80 per cent , while reducing the 
same original volume from 60 to 50 per cent, requires the removal 
of but 5 lbs,, and from 30 to 20 per cent only 1 8 lbs 

A comparison of the different curves shows by the steep slope 
on the right hwid side — ^that is, at the commencement of de- 

54 
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watering — ^liow important it ia for subsequent drying and- treat- 
ment in general to have the sludge as diy as possible from the 
beginning, for the increase in the water content of the sludge 
oonesponding to an mcieaae of, say, 5 per cent of moisture, 
has a varied effect, according, as we obtain a sludge containing 
80 per cent instead of 75 per cent or sludge of 95 per cent, 
instead of 90 per cent moisture. This is also of importance in 
considering the arrangements for treating the sludge described 
in the last section. 



Amount of Water m 1tia Mass cxfter the Watenng. 

{ 95 % 

9096 — 

8096 

60 % 

20 — Roduotion of volume in sludge with extraotioE of water 

On the other hand, it is recognized that drying beyond 50 per 
cent , at least with the very wet sludge from tanks, has but a 
slight effect on the reduction of volume, and for this reason alone 
further de-watering is not warranted. 

For example, sludge originally containing 95 per cent, of water 
has, when dried to 60 per cent , but 1/8 of the original volume, 
and so the cost of transportation is correspondingly lessened, 
and the extent of its use as a fertilizer is increased, as the amount 
of dried material, which alone is of value, remains unaltered 
The following requirements should be observed in the process 
of de- watering, 

1, The drying should not involve too great an expense, so that 
the expected increase in value of the product is not lessened. 
This may be accomplished by removing the water, by incinerar 
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tion, for instance, thus facilitating its transpoitation and a moie 
lational utilization 

2 It should be effected lapidly, especially when done at the 
plant or in the neighborhood of habitations, in order to avoid 
accumulations of filth 

3 The operation should produce no nuisance in the neighbor- 
hood fiom foul odors or otherwise 

4. Handling of the sludge by workmen should be avoided, for 
reasons ah eady stated 

The methods of removing the water are as follows* 
a Drying in the air. 
b. Drying by filter presser 
c Drying by centrifugal machines 
d Other methods of reducing the moisture. 

a. Drying in the Air 

Diying in the air is the process most commonly employed, 
especially with small plants. For this purpose the sludge is 
conducted into shallow basms These are surrounded by eaithen 
embankments or, less frequently, by slope paving, wooden sides 
01 solid walls. The drying is effected in part by evapoiation of 
the water and partly by its drainage mto the underlying soil. 

If this is porous, subdrainage at a depth of about 2.3 ft. (0 7 
m.) with a small distance between the separate lines of pipe is 
sufficient. Sometimes even this is unnecessary. In some cases, 
however, an artificial construction of the bottom, similar to a 
filter, is necessary, os with the natural subsoil the accumulation of 
sludge increases, so that it becomes necessary to remove and 
lenew it. The depth of such a filter is usually 16 to 24 in. (40 to 
60 cm ). The drainage channels, about 4 to 6 in. (10 to 16 cm ) 
wide, are laid with open joints at a distance of from 4 to 10 ft. 
(1.2 to 3.0 m.) apai-t and aie covered to a depth of 12 to 16 in 
(30 to 40 cm ) with cindei*s from boilers, pebbles or coarse gravel 
A thick covermg of fine cinders or screened gravel [2 to 4 in. 
(5 to 10 mm.) in size] follows this, 4 to G in. (10 to 15 cm.) in 
depth This layer is to prevent the sludge from penetrating 
further into the filter. As the topmost layer becomes choked 
with sludge and portions of it are carried off with the dried sludge, 
it has to be renewed from time to time. To prevent this the bed 
may be covered with heavy stone paving, or, as at Leipzig, with 
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a layei of bricks The joints aio then meiely filled with sand. 
As all the water diains through these comparatively narrow 
spaces they soon become clogged with sludge, and the entire 
pavement must be taken up and renewed 

The liquid drained off, which is usually somewhat tuibid, 
owing to particles of sludge, and also putiescible, may be led to 
the intake of the clarification plant and treated again As the 
volume is comparatively small, it does not alter to any great 
extent the sewage to be treated. In many cases this is impos- 
sible vnthout long conduits or even devices for liftmg it, espe- 
cially where the sludge is removed by hydrostatic pressure and 
brought by gravity iii open conduits to the drying bed. In this 
case a small supplementary tank for subsequent sedimentation 
or a filter (Elberfeld) foi the sludge liquor is advisable If the 
sewage is subjected to subsequent purification by contact beds 
or sprinkling filters the sludge liquor can receive further treat- 
ment theie 

The liquor from diying beds after septic treatment requires 
no fui ther treatment and may be led directly to the outfall, being 
odorless, clear and nonputrescible, as shown by the plants of the 
Emschei Association By this method most of the water sepa- 
rates out in the first 12 hours and the sludge floats on account of 
the expansion of the contained gases, while a layer of clear water 
is formed underneath. The "water should be drained through 
the Alter as quickly as possible, for after the gas has been given 
off, at the end of 15 or 20 hours, the sludge sinks, due to its 
specific gravity, and the water rises over it. The same phenom- 
enon is observed in the deep sludge pit at Leipzig, except that 
here the water is not drained off fiom below, but is allowed to 
evaporate after it has risen above the sludge. 

With very greasy sludge it is sometimes impossible to draw 
off the water at the bottom, as at Frankfort-on-the-Main and 
Mannlieim, as tho particles of settled sludge form an impenetrable 
layer. The small amount of water on top can then only be 
drained off in os many places as possible through openings m the 
surrounding walls, which can be closed. 

If fresh sludge is discharged on top of beds of partly dried 
sludge, as can scarcely be avoided where the sludge is seldom 
cleaned out, it will dry more slowly on account of the heavier 
liquid beneath The boundaries of the basins can be whoUy or 
partially made of a sort of woven brush-work, thus obtaining a 
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lateral removal of tlie watei tlirougli these boundaries (Elber- 
feld, Halberstadt). Nevertheless, the eJEcacy of this mode of 
diaining the sludge is gieatly dinumshed by the fact that the 
rapid delivery of the water through the brush and the influence 
of the air in drymg the accumulation of deposited matter at the 
sides soon make a neaily impervious layer, because the moisture 
does not come rapidly enough fiom the interior. At Halber- 
stadt, therefore, it is not considered advisable to retain this 
device. 

At Bremen the basins were subdivided for this purpose by 
peiforated planks, between which narrow passages were left for 
drawing off tlie liquid that leaked through and for removing the 
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dned sludge, but this device was removed because the sludge 
found its way through the holes, making its handlmg more 
uncleanly, without resulting in a more rapid drying. 

If this is to be accomplished the sludge should be brought 
into the basin in thin layers, 6 to 10 in. (15 to 25 cm ) in thickness, 
and the basin should be filled as rapidly as possible, in order 
that the free removal of the water at the bottom may not be 
made more difficult by dudge which has had its moisture dramed 
off. S mall , shallow timks fia*© tiierefore to be preferred. These 
can be econoncHcaHy provided is small installations by construct- 
ing a border of planks placed on edge. In this way the excess 
area required by eartji^ eBpJbanfeineiits is utilized (See Fig, 21 .) 
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In the cut, which shows the plant of the Emacher Association at 
llecklingliausen, the sludge running into an empty compai'tment 
may be plainly seen on the right The sludge is foiced out by 
hydrostatic pleasure from 6 Emschei tanks lying beyond In 
order to maintain a uniform depth of the layers the bottom 
should be made horizontal, os the sludge, due to its fluid nature, 
assumes a horizontal position 

A disadvantage of plants with small, shallow basms lies in the 
greater cost of removing the dried sludge, as this comes in thin 
layers and necessitates frequent re-location of the rails for 
transportation, unless these are laid on an elevated trestle, as at 
ELecklinghausen, This is obviated by the use of wheelbarrows 
In selecting a location foi the diying beds care should be taken 
that, with a porous soil, there aie no wells in the vicinity that 
can be contaminated by infiltration. 

Especial care should also be taken with reference to odors and 
the plague of flies. These nuisances have again and again led to 
attempts to replace the cheap method of drying m the air by 
others, even though more expensive 

As partial decomposition accompanies the operation of drying 
the foul odois caused by gases ansing from the sludge, especially 
in the summer, give much discomfort to persons working or 
living near the plant It may even result in loweiing the value 
of land in the vicinity and cause great expense for mdemnifica- 
tion Likewise the plague of flies is very troublesome in the 
neighborhood, as the fermenting sludge offers an admirable 
breeding place for all kinds of flies and gnats. 

An attempt has been made to pi event this nuisance by adding 
some substance to the sludge Such substances are either in- 
tended to stop putrefaction or else to form a cover to the sludge 
In Cassel, for example, as well as in other places, lime has been 
successfully added to the sludge in the basins and at the outlet 
in the proportion of 6 8 lbs per cubic yard (4 kg. per cbm.) The 
nuisance of flies is done away with in this way, but, at the same 
time, the fertilizing quality of the sludge is reduced. In Frank- 
fort-on-the-Main, however, the addition of quick lime and chloride 
of lime has not had the desired result 
Peat is found particularly deshable as a covering, and also to 
prevent odors, besides aiding the process of drying by absorption 
of the water It is used in many places, especially where it is 
cheap In order to prevent putrefaction it should be intimately 
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mixed with the sludge in large quantities This is not- i>rue'' 
ticable, however, for economic and hygienic leiisons 

The use of manufactuied deodoiauts, of winch there are 
seveial, is more desirable. 

Among these ''faciloV* made by the tar product factory 
“Biebiich” at Biebrich has been found effective It is a thin, 
biownish, light oil with a specific gravity of 0 79 It forms a 
coherent film of oil when placed upon water, which closes imme- 
diately if broken by gas bubbles or sudden currents, preventing 
the escape of odors About 28 pei cent, of facilol is composed of 
soluble substances of the phenol group, the effect of which is to 
prevent putrefaction in sludge and sludge liquor The eggs ami 
larvae of insects are also killed by it, while, at the same tim(‘, the' 
covering prevents the insects themselves from obtaining theii* 
food 

The facilol is sprayed upon the surface of the sludge immedi- 
ately after its entrance into the basins by a spraying device. 
The film of facilol is maintained intact by subsetiucnt spraying 
at long intei vals. According to infoimation furnished at Frank- 
fort 0.11 to 0 18 gallons of facilol per square yard (0 to 0 S 1 
per sq. m ) of smface will suffice The puce is about $2 If) per 
100 lbs. (20 m. per 100 kg.). This mode of deodorizing, tlu'Ki- 
foie, though efficient, is rather expensive. 

As the intensity of the odors increases with the area exiioaed it 
might be well to put the sludgo to be dried in as deep pits as 
possible whose bottoms have been drained, and this has, in fact, 
been tried. The crust of dried sludge which forms at the top 
prevents the evaporation which assists to a considerable extent 
in the reduction of water. Openings in the crust permit the air 
to enter but a shoit distance. In consequence, th(' process of 
dr 3 ang and also the nuisance of foul odors, which cannot 1)0 
prevented by subsequent treatment with lime or peat, last for 
years 

Only when natui al pits exist, as at Leipzig, in the shape of an 
old river bed, and then at some remote point, can this method of 
drying be used. Moreover, the difficulty of conveying tlic do- 
watered sludge partly offsets any saving consequent to dispens- 
ing with an artificial drying place. 

Odors and the nuisance of flies may be considerably diminished 
by the means above mentioned so that the conditions arc more 
tolerable for the employees at the plant 
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In general, however, it is iDrefeiable to remove the drying place 
fiom the plant when the neighboiing land is occupied, unless a 
method to be desciibed later be adopted, and to so locate it that 
it will not be a nuisance to the neighborhood Land of little 
value can be used for this puipose and may be correspondingly 
extensive. Sludge conduits 3000 ft. (1 km) or moie in length 
have been used for this puipose in Germany Closed pipes should 
be used preferably. In selecting a place the prevailing wind 
should be considered — ^that it does not blow from the drying beds 
toward built-up areas. 

Drying beds for septic tanks do not require the same restric- 
tions, as there are no odors where the sludge is properly digested 

The time required for drying, and consequently, to a certam 
extent, the size of the sludge beds, depends. 

1. On the composition of the sludge. 

2 On the character of the soil or the construction of the bottom 
of the basin 

3. On the atmospheric conditions. 

4 On the method of operation of the sludge basin 

The composition of the sludge, and in particular the amount of 
moisture contained, deteimme to a gieat degree the length of 
time necessary for drying For example, 1 3 cu yds (1 cbm ) 
of sludge containing 95 per cent, moisture must have 198 gallons 
(750 1 ) of the water removed before obtaining sludge with 80 
per cent, moisture, as is found with septic tanks A fine, greasy 
sludge gives up its moisture less readily, and under some ciicum- 
stances is very difficult to dry; while a thinner and less compact 
sludge has the opposite characteristic and gives up its moisture 
easily. The gianular, fluid septic tank sludge, as well as that 
from lignite treatment, has this favoiable quality. The de- 
posited sludge from the Kremer apparatus is easily de-watered 
as it contains so little grease. 

A basin with a porous base may be of less size than if compact 
If the bottom does not promise fiee percolation it should be 
arianged as an artificial filter. Care should then bo taken to 
clean or renew the covering layer frequently. 

As evaporation has a marked effect on the drying, this takes 
place more rapidly in summer. A sunny or windy location is 
also favorable to drying. 

To secure the best results drying should take place quickly- 
on an ample area The sludge should therefore be distributed in 
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thin, layeis — about 6 to 10 in (15 to 25 cm ). A rapid loss of 
water through the subsoil occuis, and the ciacks caused by drying, 
plainly seen in Fig 21, permit the air to pass to the underlying 
strata Sludge shiinks in di 5 ang to from 2 to 3 to 1 to 2 its 
original volume. A fresh layer can then be admitted on the 
dried layer. 

Sometimes the sludge is dried directly in the settling tanks 
These must then be thrown out of seivice for some time, as by 
this method evaporation does most of the work. The time used 
for drying lignite sludge in this way at Cbpenick is from 3 to 4 
weeks. There is a project for the adoption of a sinnlai* method at 
Neustrelitz (^'Mitteilung d. Kgl Pruf. Anstalt,” Vol VI). The 
size of the necessary basins prevents its use where these are fixed 
01 where theie is insufiicient land. Special beds for this pin pose 
are always desirable on account of the greater rapidity of drying. 

Different intervals are required for drying, depending upon the 
different conditions mentioned above. As already stated, the 
septic tank combines the most favorable of these conditions. 
The length of time required for drying by the Emscher Associa- 
tion, e g , averages 5 days — ^with favorable weather only one or 
two days. Sludge taken from the septic tanks at Halberstadt at 
intervals of about 8 weeks requires 14 days for drying in good 
weather In both cases it is received in thin layers. In contrast 
to these are those plants where sludge is delivered to the sludge 
basin to a depth of 2 3 to 3.3 ft. (0 7 to 1.0 m ). The process of 
drying here usually takes from 6 to 9 months. 

In general, normal settled sludge with about 90 per cent, water, 
requires some 6 or 8 weeks in summer and 6 months in cold 
weather. 

The size of sludge basins can be estimated from the amount 
accumulated daily and its average time for drying, allowing a 
certain time for the removal of the dried material. Both factors 
are subject to great variation with different processes and plants 
for reasons already given, so that an estimate based upon these 
figures would have no practical value. As a guide for the area 
required for drying, the following table, showing the size at 
different plants, is given; for a great nuisance may result, as has 
been shown by examples, where these are made too small, while 
too large ah allowance results in too gjreat a cost, especially in 
the neighborhood of high-priced city property. 



SIZE OF SLUDGE-DRYING BEDS 
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The size of drying beds is governed by the amount of sludge 
which accumulates during the time required for drying, the 
reasons for this time being given. 

There is a gieat difference, theiefore, between the size ro(iuired 
for plain sedimentation and that required for septic tieatinent. 
Imhoff gives in Vol VII of '^Mitteilung dor Kgl Vcrauchsan- 
stalt^' the following rules foi size, baaed upon his observations 
For septic tank sludge 275 sq. yds per cubic yard (.‘300 qm 
per cbm) daily of sludge received, and therefoie foi an amount 

of 0004 cu yds (0.3 1 ) per capita daily, 0.12 sq yds 


0 3 X300 
, 1000 


about 0 1 qm ) per capita 

For sludge from plain sedimentation 45S sq yds per cubic yard 
(500 qm. per cbm.) daily of sludge received, and therefore with 
.0016 cu yd (1 21 ) of sludge per capita daily, 0 72 sq. yds. 


/l 2X500 
\ 1000 


= 06 qm ) 


The latter values agree with the table, while the foinicr appear 
too high, so that with septic sludge about 1S3 sq yds of drying 
surface will be necessary for 1 cu yd of sludge per day (200 qm. 

per cbm) and 0 072 sq. yds capita. 

This shows cleaily the advantage of septic tanks as compared 
with plain sedimentation, both on account of the sinalltM* amount 
of water contained and the smaller amount to lie evaporated. 

The values in the table naturally indicate marked differences 
in different cities. This is due in paiii to the different methods 
of treatment and handling and partly to the fact that the oper- 
ation of drying beds where space is limited must be much moio 
intensive than where the opposite conditions obtain, in which 
case the sludge remains longer than necessary, until it is con- 
venient for the farmers to remove it. 

An estimate of the size of sludge lagoons based upon the daily 
flow of sewage would result in yet greater differences and is 
therefore not given. 


b Drying by Filter Presses 

De-watering sludge by filter presses was first tried in England 
about 30 years ago, and was soon in general use there The 
large volumes of sludge which resulted from chemical precipita- 
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tion, then in genei al use, and the odors from these plants which 
were especially unpleasant in thickly populated districts, led to 
a lapid spread of this method of diying In default of other 
methods its disadvantages were willingly overlooked. 

In Germany, also, sludge presses are found almost exclusively 
in plants where chemical piecipitation is or has been employed, 
except 111 the lignite process, which should be included heie. 

Filter pi esses consist of a large number of thin cells, usually 
about 2 3 to 3 3 ft (0 7 to 1 m.) square and 2 m. (0 05 m ) thick 
According to the design of the separate parts which compose 
these cells they are called cell presses or frame presses. In the 
former the partition plate between two cells is provided on each 
side with lims projecting about 2 in (5 cm.) (Fig. 23) so that the 


Of b er 
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Frame presM Cell proaa. 

edge of adjacent plates by coming in contact form a hollow space 
between. In the frame presses these plates are of umform thick- 
ness (a) and to form the cells a fiame is inserted between two 
plates (b) This forms, at the same time, the narrow walls 
of the cell (Fig. 22). These plates or partitions in the cell press 
are provided with numerous grooves opening below mto a 
horizontal hole (c) which serves as a channel for the liquor 
pressed out Over these plates are placed sieves, and over these 
filter cloths are stretched, or possibly the latter only (d) are 
provided, so that in filling the cells with sludge the surplus water 
will pass through the cloth and run down the partition plates in 
the grooves. It then leaves the press through the ducts (c). 
The separate plates are supported by lateral projections on 
horizontal bars and are pushed together by hand. The water- 

5 
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tight contact is then accomplished by means of a sciew or by the 
plunger of a hydi aulic press. The mfluent channel (e) lies either 
in the uppei edge oi the middle of the plate In the foinier 
case, the sludge can be mtroduced at several pomts by flexible 
pipes, while m the latter it must be done at the middle of the 
fiont plate 

In frame pi esses the filter cloths are simply hung over the 
entire fiame so that they covei both sides and aie clamped at 
the edge by the adjacent frame In cell presses, on the con- 
trary, the edges of the cloths laid in the recess between the plates 
must be made water-tight m a special way The filter cloths 
are rapidly destroyed by rottmg, which is most active at the 
top of the solid plates, as the damp cloths are here always in 
contact with the au*. Saturation wuth tar at this place pio- 
longs their life, which is generally about 4 weeks. 

The frames may be made of iron or wood. The latter is 
preferable foi sludge presses, as iron rusts easily from acids that 
may occur in the sludge The number of plates varies, but 
oO, each, of plates and frames would be the maximum. 

The dehveiy of the sludge and the necessaiy pressure of 3 to 8 
atmospheres for pressing can be provided by a sludge pump or 
compressed air. The sludge pump can work directl}^ on the 
press, as e g.^ at Halle A relief valve must then be inserted in 
the sludge press pipe which permits the surplus sludge to pass 
off from a fairly full press, w^here, therefore, only a small amount 
of sludge, as eompaied with the volume of the liquor drained 
out, can be received. This surplus sludge, as weU as that remain- 
ing in the pipe after fillmg, then flews into a special sludge well 
and is the first to be pumped out before refillmg During the 
emptymg of the press, which lasts from 10 to 30 minutes, the 
delivery of sludge from the well must cease. 

Otherwise we may provide a sludge receiver (Spandau), 
which IS filled by the sludge pump while discharge takes place 
by air pressure The sludge receiver can be filled by suction 
and the contents then forced out into the press by air pressure 
This method permits uninterrupted operation by installing two 
receivers, side by side, as already described for propellmg sludge 
The presses can be operated to greater advantage by the use of 
sludge receivers. Therefore this method is always to be pre- 
ferred for large volumes of sludge to the slower method of filling 
the presses with a pump The employment of a stirring device, 
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particularly with long, extended receivers, is not desirable or 
necessary, as it is impossible to suppoit the shaft properly by 
means of intermediate beaiings. 

To empty the presses [which yield an average of about 2 6 
cu yds. (2 cbm) of sludge cake for each fillmg] the frames aie 
pushed apart The sludge then drops into a tip-car placed 
below, or into a channel The contained moistuie is reduced to 
about 50 or GO per cent. Further drying in the air should be 
given the sludge in covered chambers, as otheiwise it decom- 
poses, especially in wet weather. If allowed to he foi any 
length of time in the open it is well to cover it with a layei of 
earth or sod to pi event objectionable odors 

Emptying presses is a dirty operation, and in summer, espe- 
cially, it produces very foul odors which can only be prevented 
by thorough ventilation of the press chambeis Watei under 
pressure is absolutely necessaiy for linsing purposes Some- 
times the filled presses are allowed to stand several hours after 
fillmg, even 12 hours in Obeischoeneiiweide, to give more con- 
sistency to the sludge 

As settled sludge is never very firm, the advantage in chamber 
presses that the contents fall out when they are opened, while 
frame presses require subsequent cleansing by hand, is offset 
by the difficulty in fastening the filter cloths Frame presses 
are therefore to be preferred for pressing sludge. 

The liquor drained from the pi ess is very putrescible, and to 
be clarified should be brought to the mfluent conduit again or 
should be used in iriigation. 

Sludge fiom domestic souices that has been obtained by 
mechanical processes cannot be pressed. A large paii) of the 
finest particles of this veiy watery sludgo passes through the 
filter cloths, roljbing the sludge cakes which remain behind of 
theii binding medium, so that when the press is opened, the 
sludge is found in an incoherent mass Greasy oi slimy sludge 
may also prevent pressing by clogging the cloths Sludge from 
septic tanks, on the contrary, can often be pressed without any 
further treatment, if it has not lam too long m the tank The 
same is time of sludge frqm the lignite process, which is almost 
always successfully de-watered by the filter press Chemical 
precipitation, however, is the principal treatment for which 
sludge pressing is used, as the precipitants employed render the 
sludge cakes cohesive. 



68 


SEWAGE SLUDGE 


A dose of lime is necessaiy to make an unfavorable sludge 
capable of being pi eased 8 4 lbs pei cubic yaid (5 kg per* 
cbm ) is sufficient, oi 5 per cent of the dried mateiial in the 
sludge This addition is also sometimes necessary after chemical 
piecipitation Of ^the English cities, Choiley adds 8 4 lbs , 
Blackburn 8 4 to 13 5 lbs , Buiy 10 1 lbs per cubic yard (/i kg , 5 
to 8 kg and G kg , lespectively, per cbm ) to the sludge obtained 
by alumino feme ap precipitant. * With greasy deposits these 
amounts must often be increased. At Willesden it is 37 lbs , 
at Colchester 47 and at Ealing even 84 lbs per cubic yard (22 kg , 
28 kg and 50 kg per cbm., respectively), in order to secure 
hard cakes, which can then be incmei ated 

The necessity of adding some substance to obtain a sludge that 
can be pressed has helped to ictain the use of chemical piecipita- 
tion in England, foi it is more reasonable to use lime in the 
claiification piocess than to add it meiely for pressing The 
addition of lime reduces the cost of pressing, but increases the 
total cost of claiification Dunbar gives an excellent example 
of this {Leitjaden fur die Abwassei eimgungsfi age) In Wim- 
bleden, by usmg lime and iron piecipitants, 8 5 tons of sludge 
cake per million gallons of sewage cost 53 4 cts per ton (2 long 
tons per 1000 cbm. cost 2 51 M. pei long ton) foi piessiiig, or 
about $4 50 pei million gallons (5 M. per 1000 cbm.) of sewage 
By addmg lime this wa^ reduced to 3G cts per ton (1 G8 M. 
per long ton). But 12 7 tons per million gallpns of sewage (3 
long tons per 1000 cbm ) of pressed cakes were olDtained, so that 
the cost of piessmg per million gallons of sewage was as high 
as before. The cost of the additional precipitant was includocl, 
in addition to which 1 1/2 times the volume of sludge was ob- 
tained. The questions of cost and increase of sludge are to bo 
considered in increasing the precipitant, for it is not reasonable 
to add precipitants merely to secuie sludge which can be pressed 
without increasing the clarification. 

Sometimes veiy greasy sludge refuses to take up the lime, and 
de-watenng must be accomplislied in some other way. This has 
been the case in sevei al English cities 

In Prankfort-on-the-Main, too, the filter pi eases have been 
abandoned, for it was found on opening the presses that, even 
with great pressure, only the layer next tlie cloths had been 
de-watcred and caked, while the middle of the chamber was full 
of liquid sludge. A satisfactory result was only obtained after 
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adding 9.5 Iba (4 3 kg ) of sulphate of alumina while, at the 
same time, heating the pi ess This inci cased the cost to $1 00 
per cubic yaid (5 50 M. per 1 cbm) of sludge, lendermg any 
practical use of the method piohibitory. 

The cost of pressing 1 ton of cakes obtained from 5 8 cu yds 
of watery sludge m English plants, including interest and smiling 
fund cliaiges, is, accoiding to Schiele, SO 42 1/2 to Si 28 or an 
average of about 85 cts. (1 long ton fiom 5 cbm. sludge, 2 00 to 
6 00 M or an average of about 4 M ) , Reichle and Thiesing 
give for the same amount about $0 49 (2 30 M for 1 long ton) 
as the cost of piessmg under Geimau conditions, assuming the 
cost of the press at $1785 (7500 M ) and amoitization at 5 per 
cent. But an extra dose of lime is not included. This last 
estimate assumes the most favoiable operation of the piesses, 
so that the puce per ton of pressed cake in Geimany may be 
taken at about 03 1/2 cts to 85 cts. (3 to 4 M. pei long ton). 

For the addition of lime, usually in the form of milk of lime, in 
England, a tank is inseited between the sludge pit and the sludge 
holder by the presses, in which the sludge lemains quiescent for 
a short time, sometimes for several days, after the dose of lime 
has been added. 

With modern plants it is seldom necessary to resort to presses 
for de-wateiing The advantages of the shoit time and the 
limited space required for diying as compared with diying in the 
an, are offset by the greater cost. The nuisance due to foul odors 
is reduced, but not entiiely eliminated, and the workmen have to 
come mto contact witli the sludge to a considerable extent. 

The lignite process is accompanied by a minimum of offensive 
odors and as it is more favorable.for pressing on account of the 
addition of chemicals, this method has been retained heie. 
These plants are paiticulaily adapted for use in thickly populated 
distiicts on account of their arrangements, such as the complete 
enclosure of the sewage dining clarification in towers, etc The 
greatest impoitanee naturally is attached to a quick removal 
of the water, the occupation of but little room, and a piompt 
disposition of the sludge, which is in this case effected by in- 
cineration 

c. De-watering Sludge by Centrifugal Machines 

The disadvantages of filter presses led to experiments with 
other mechanical appliances for de-watering sludge. Drymg by 
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centrifugal machines, such as are used in laundiios and blcacli- 
eries, seemed to pioinise the best results 

The water that is diawu off by centrifugal force from tho 
inateiial to be dried passes out thiough the sieve-like sides of the 
rotating drum. 

This piocess did not, however, give the hoped-for results. In 
the first place the finer particles of sludge were thrown out 
through the perforated or cloth-covered sides. In tho second 
place the heaviei portions were thrown against the sides of tho 
drum by the centrifugal force so compactly that after a while no 
more water could penetrate it 

Sludge IS so disintegrated by the centrifugal action that the 
heavier portions — the mineral ingredients — go to the outside. 
The organic materials come next in concentric layers, while tho 
liquid portion remains in tho middle with tho grease on its surfac(‘. 

This behavior of the sludge led to the coiistiniction of a 
centrifugal machine similar to those used in milk separators, 
with a solid shell, tho water being led off as by a siphon. This 
method required a long tunc, as was demonstrated by oxpeii- 
ments at different places (Spandau, Frankfort-oii-tho-Maiu, 
Mannheim, In Spandau with sludge from tlio lignite process, 
30 to 45 minutes). Besides the solid ring of sludge collected at 
the shell had to be cleaned out by hand witJi a spoon-shaped 
instrument at the end of each period of operation. 

In experiments made with such a inacliino at OhemnitK, 
furnished by the Haubold niachmo works of that <‘ity, 3 cu. yds. 
(2 5 cbm.) of sludge was de-watered in about 10 minutes from 
90 per cent, to 45 per cent, or 60 per cent, reduction of moisture 
as described in Schmeitzner’s ^'Clarification of Sewage.” It 
required 6 h. p 

An attempt was made to circumvent tho dirty, slow and un- 
healthy work of cleaning, which prevented its adoption in largo 
plants and, in addition, lessened the efficiency of tho machine, hy 
introducing a bottom which could bo lowered and the automatic 
ejection of the sludge Tho cost remained high, however, on 
account of the length of time required, although as to the quality 
of the product, tho results secured wore satisfactory. The 
addition of 1 per cent, of lime to bind the grease, thus improving 
the material to be ejected as well as the liquid effluent, was found 
useful. 

The entire process can only be of practical use if tho wot sludge 
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can be brought in and the dried sludge removed automatically 
without stopping the machme, while i educing the time required 
for the work. 

These conditions have been fulfilled by the Hanover Machine 
Co , formeily G Egestorff, at Hanover-Linden, in a centrifugal 
machine placed on the market as the Schaefer-ter Mecr System 
(German Patent) winch was constructed after many experiments 
by Director ter Mcer m conjunction with City Engmeer Schaefer, 
Frankfort-on-the-Mam 
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(10 mm.) long and 010 to 024 in (0 4 io 0.0 inni ) wido TIk^ 
chnmbera arc cloaed on the iiiaidc and outHklc by slide valvt's and 
have a capacity of about 1 to 10 cii. ft.. I ) each. 

The process of ejection is as follows the wet sliulge flow's from 
a receiver placed at a higher elevation througli the central inlet 
pipe into the chambers while these are in rotary motion. The 
inner valves are thereby opened iiiul tJio outer valvi's clos(‘d. 
The heavier pai tides of sludge are now thrown against tins outm* 
pai*t of the chambei, by which action the ’watiM is foiced in waul, 
partly by the compression of the mass and partly Ix^caust* of its 
lighter weight, and flows out through the Hiev(‘S t.o tJu* sin j'ouiul- 
ing water chamber. From this it passf's tJirough slioi’L pipes int.o 
a circular gutter and thence to the outlet (Kig. 24). 

Sludge takes the place of th(' water thrown off until tlu' ehainl)(‘r 
is quite filled with the de-watored material. Tii(‘ inm*r ring 
valve is then closed preventing the admission of any im^re shulgc», 
and the entire mass is then whirled aroimcl for a j^eriod dcpinuling 
upon the composition of the sludge. Tho outer valves tlum 
open and the dried sludge is thrown out by tlie centrifugal forr‘(' 
It flies against the wall of tho slicll, being loosened nj) and dis- 
integrated, and then falls down and out of tho appai'atus onto a 
belt conveyor. 

Between the outer valves and the wall of the sli(41 is a cii'ciilar 
movable impact wall. This serves to intereept any -water that 
might escape during tho process of ej'ection Ihi'oiigli the outiT 
valves, which may not be tight, keeping it away fri)m th(» dried 
sludge and tho conveyor. It is raised a short time l)efore tho 
valve is opened, to leave the way clear for the sludge to l)o 
thrown out. 

After tho chambers have been emptied, tho outer valves close 
again, and as the inner ones open, tho eliamber is again filled 
with wet sludge and the operation is repeated. 

The separate movements are quite automatic tuul oven tho 
operation of the valvi's is governed through two eylinders by 
means of press oil (Fig. 2(1) which is stored in an acciiniulator by 
means of a special pump. This also servos as a bewaring to 
support the pressure of tlio centrifugal drum sliaft. Tho ad- 
mission of the press oil into the moving cylinder is regulated by a 
regulating valve. 

The sieve surfaces are cleaned partly by the passing through 
of the dried material when being ejected, partly by special 
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sc'iiiporf? ^v]li(•h aio operated nicchanicsally by the leguUiting 
appaiatus 

The ejecting drum makes 750 r. p m , coiTcsponding to a 
circuinfcMcntiul \elocity of 105 ft (32 m,) per second. 

Tlie length of a working period in tlie experiments made by 
]l(‘ic]ile and Dr Tliiesing at the Harbiiig plant ('‘Mitteilung dcr 
Kgl PiufuugH-Anstalt/^ Vol. X) averaged 2 5 minutes, or 3 5 
minutes at the most In the plant at Planover the standard 
tunc is 1 5 minutes, though this may be increased to 5 minutes 
when the sludge is very slimy. 

In order to diy successfully by centrifugal force, the contents 
of tlio sludge should be soniewluit heavier than water, as the 
entire action depends upon the stronger repulsion due to the 
gi cater specific gravity of the mateiial The fine pai tides of 
sludge separate themselves out fioin the sewage and adhere to 
this licavh'r material on account of their sticky nature Fresh 
sludge is thcrefoic easier to woik over than that which has 
decomposed, as the proportion of fine particles has increased in 
the latter by disintogratioii. 

The efficiency of a centrifugal machine varies according to the 
composition of the raw sludge 2 6 to 5 2 cu. yds (2 to 4 cbm ) 
of law sliulgo can bo de-watered in an hour when 20 to 33 gallons 
(75 to 125 1 ) of wet sludge is admitted to the chamber at each 
filling. 

In the experiments at Harburg 1 cu. yd of raw sludge with 
about 92 per cent of moisture yielded an average of 294 lbs, 
of eject'd sludge (175 kg. per cbm) or 034 lbs. (287 5 kg) per 
uuicliino per hour. This contained 09.7 to 74.2 per cent, of 
moisture and the dried material contained a somewhat larger 
])roportion of minoral matter than the raw sludge, but much 
l(‘ss grease (8 5 jiei* cent instead of 14,2 pei cent.). 

Tile elficioucy of the centrifugal action, i.a , the ratio of the 
actual volume of ejected sludge to the dried material in the raw 
sliidge, ('oinputed on the l)asis of the water contained in the 
ejected sludge, ranged, m the Ilarburg experiment, 40 3 to 09.8 
\wv cent , averaging 00 per cent. According to experiments at 
Frankfort and the above observations at Plarburg, this figure 
should 1)6 somewhat greater. It should preferably bo taken 
somewhat greater because the amount of dissolved material, 
which will inevitably reach the outlet, must be deducted from 
the dried material in the raw sludge. 
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Fully 60 pel cent of tlie dried material contamed m sludge 
IS, theiefoie, lemoved by the centiifugal action, while about 
40 i^er cent is letuined to the claiifieation plant by the effluent 
and must be treated agam. The volume of accumulated sludge 
IS thus mcreased as well as the concenti ation of the diainage 
water, diminishing somewhat the efficiency of the clarification 
plant 

The ejected sludge contains about 2 to 3 of the mineral 
matter and 1 to 3 of the organic mattei of the raw sludge as the 
following table, compiled fi om observ^ations at Haiburg, mdicates 

TABLE SHOWING RESULT OF CENTRIFUGAL ACTION ON 


a One Cubic Yard of Haw Sludge 


1 

1 

Total weight 

1 Water 1 

Total dned 

1 Abh 

Organic 1 

Grease 


11)S 

lbs ! 

inatenal Iba. 

lbs 

1 matter lbs ' 

1 1 

lbs. 

Raw sludge ! 

1720 

1584 1 

134 

29 4 

104 8 ' 

19 1 

Ejected sludge 

295 

214 1 

SI 

' 20 1 

1 61 0 1 

6 9 

Effluent 

1423 

ld70 1 

53 

4 7 

48 1 


b One Cubic Meter of Raw ^ludge 


Total weight 

1 Water . 

Total dried 

' Ash 

1 Organic j 

Grease 


kg 

kg 

matenal kg 

' kg 

matter kg 

kg 

Raw hiludge 

! 1019 

! 939 6 

79 4 

' 17 4 

1 02 0 1 

11 3 

Ejected sludge 

175 

, 126 6 

48 1 

' 11 9 

80 2 1 

4 1 

Effluent 

&44 

1 812 7 , 

31 3 

1 2 8 

28 5 



i 


The effluent contained on an average 3.7 per cent, of dried 
material, composed of 9 to 10 oiganic and 1 to 10 mineral mattei. 

The large amoimt of organic matter renders it very putiescible, 
producing foul odors even during its separation At Harburg 
it is returned to the mam sewer and mixed with the sewage At 
Hanover, on the contrary, it is conveyed to tw^o tanks which have 
been emptied These are first filled with the liquid which has 
been thrown off, which is then carried beyond in the usual manner 
K the sewage receives further treatment on irngation fields 
or in contact beds the centrifuge effluent can be treated with it 
In large plants there may be some question of treating it in septic 
tanks, but where there is abundant water for dilution it may be 
discharged into it directly. 
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Fig 27 — Rludse drying machine at Hanover 
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A sludge holder constructed of plate iion or reinforced concrete 
(Fig 27, uppei light hand) and piovided with a stiiring device 
should be placed above every two centiifugal machines, so that 
the mateii^ i eceived may be as uniform as possible The holdcm 
should be large enough to contain all the sludge accumulated in a 
day, so that the tanks can be emptied of sludge independently 
of the centrifugal machine and can be leady for use again in the 
shortest possible time. 

A screen of about 4 in. (10 mm ) mesh should be placed before 
the sludge holder in case none has been piovided before the tank 
or at the pump well, to intercept any coarse material which 
might interfere with the operation 

The dried sludge falls on to a belt which passes below the 
centrifugal machine, and at Hanovei, for example, is brought to 
an elevator (Fig 27 in the background) which carries the sludge 
to a reservoir similar to a silo It has been observed, however, 
that the sludge forms a compact mass in spite of the very steep 
slope of the bottom, and can only be discharged into the car below 
by manual assistance When the plant was visited the sludge 
was allowed to fall through a gate m the bottom directly into an 
enclosed car for its conveyance, holding about 2 cu yds (1 6 cbm ) 
It IS advisable, however, to omit the elevator, which requires 
considerable power, and to raise the sludge tlie short distance to 
the top of the car by the required inclination of the belt conveyor. 
The introduction of a small hopper which can be closed is of 
advantage in order to hold the sludge while the cars arc being 
changed. In certain cases the car can be placed directly under 
the centrifugal machine 

The whole plant will require about 12 h. p. per machine. 

The centrifuge alone will requiie about 7 2 h p. 

If a suction producer gas plant is employed for power, costing 
about 1 2 cts. (5 pfg.) per h p. hour, the cost of operating a 
centrifugal machine would be 8 6 cts. (36 pfg.) per hour, or, with 
electricity at 1.2 cts. (5 pfg ) per kw. hour, only 7 6 ots, (32 pfg.). 
Tills would correspond to a cost for current of 6.13 cts. per 
cubic yard (0 28 M. per 1 cbm.) of raw sludge or 36 2 cts. per 
ton (1.63 M per 1000 kg.) of the product 

The ejected sludge is of a loose, crumbly consistency and conse- 
quently dries readily Its weight is 1620 lbs. per cubic yard 
(900 kg. per cbm). The tendency to putrefy is comparatively 
slight if it is sheltered from rain and sunshine, but it is, naturally, 
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not entiiely done away with as there still remains much organic 
matter that is not fully digested When collected m large heaps 
its temperature rises and it becomes more compact 

The centrifugal process reduces the volume of the sludge to 
about 1/6 of the original amount, when the pioduct contains 
about 55 to 70 per cent of moisture. 

The apparatus requires but little attention as the filling and 
emptying are automatic, so that one attendant suffices for two 
machines. He does not come into direct contact with the sludge, 
as the machine is entirely enclosed. 

In this way all foul odois are avoided, especially as the process 
requires the sludge to be as fresh as possible 

Drying is rapid and the sludge is soon in favoiable condition 
foi further manipulation 

The only drawback is the high cost of the plant and its opera- 
tion. The cost of the centrifugal apparatus with the stilling 
devices and the oil pressure pump is about 355230 (22,000 M ) 
with an additional 35240 (1000 M) for the motoi . Estimating 
5 per cent for amortization and the price for electric current 
already given, and we have as the expense, including wages, 
polishing material and reserve sieves, with a maximum use of the 
apparatus, 62 cts per ton (2 87 M. per 1000 kg ) of the product 
for drying, or fully 10 cts per ton (50 pfg per 1000 kg ) more 
than with filter presses under similar conditions (See page 69 ) 

The cost of de-watenng is naturally least with drying in the 
air, especially as the cost of the plant c*an be gi’eatly reduced by 
a simple construction "of the drying beds. And although, as 
estimated by Roichle and Thiesmg, drying with filter presses 
may bo cheaper under similar conditions, this is offset by the 
necessity of adding chemicals to the sewage, which is, as a rule, 
not necessary in ordei to obtain a sufficiently clear effluent. 

The centrifuging of sludge is particularly advantageous in the 
case of simple sedimentation, where it is desirable to secuie a 
rapid reduction of moisture or where the establishment of diying 
beds is not feasible, for lack of room or other reasons, 

d . Other Methods of Reduging the Water in Sludge 

Some methods will be alluded tq here which are employed 
Tor merely a slight reduction of the moisture preparatory to 
further drying, or which have not yet passed beyond the ex- 
perimental stage. 
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A part of the water may be drainocl off by letting tlio 
settle again and di awing off the roily water which haw separal(‘(l 
out above the sludge This can be accomplished in *sludg(‘ W(*11h 
or in special sludge holders, such as are inserted liefori' filter 
presses for mixing the lime, for example. The roduetion of 
water is naturally slight, and is only worth considering with a 
very watery sludge, such as is obtained by movable contnvances 
for drawing it off under water On the other liand, it is unreaHon- 
able to construct special plants for this purpose, especially as the 
veiy dirty tuibid liquid, on account of the necessity of sul)- 
j ecting it to f Hither treatment, is detrimental to tlio operation of 
the plant. Moreover, the settled sludge should not 1)(" sIok^I 
without some special reason, as the freshest possilile sludge is 
the beat for subsequent drying by mccliamcal means 

It may be consideied, however, where, as in Allonsl.i'iii, a 
vacuum receiver can take in the whole of the day’s supply at oikj 
filling. This, coming from wells, icinams in the recinvor oik' 
day. The turbid water wliicli separates out is then drawn off 
through faucets at different heights in tlio recedvor, before the 
sludge is propelled further This lesiilts ni a desirable re- 
duction of volume, especially when it is conveyed to the fi('kls 
in a w’-et condition. 

As has been several times mentioned, sludge loses a ]iart of ils 
water during septicization, and acquires a more favf>ralile chai*- 
acter for further drying in the air Tlie aim should therefon' 
be to convey the sludge ‘from the B(>dimontation tanks to specuul 
digestion chambeis, in some cases witli admixture of a 
portion of the unclarified sewage (Skegness, Kng). This is 
done, e fir , at Columbus witli the sludge from grit chanibc'i’s and 
sedimentation tanks. It is only advtuiiageous wlu're coTi1ac*t 
beds or artificial or natural sand filters which are already in- 
stalled for the rest of the plant, can be used to i)urify the effluent. 
Should these devices be installed and operated merely for tlio 
digestion of the sludge, the cost w^ould bo out of proportion to 
the comparatively slight improvement due to the digestion. 

By leaving it to digest the sludge may be stored up for such 
times as it is reciuired for fcn'tilizing the land. 

A certain amount of digestion also takes place by drying in the 
air, as indicated by the generation of gas 

This favorable alteration in sludge is readily brought al)out 
in the Emscher tank, already mentioned, by combining tho 
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settling tank with the digestion chamber, and without obtaining 
a putieacent effluent or being annoyed by disagreeable smells. 
The gases of decomposition contain only traces of sulphuretted 
hydrogen, being chiefly composed of methane and carbonic acrd, 
and are therefore almost odorless 

The decomposition here differs favorably from that in septic 
tanks without a current, as is usually the case with those for the 
digestion of sludge, by its greater mtensity The reason, 
according to Sprllner (Ges. Ing , 1909) is probably that fresh 
sludge is constantly admitted and so there is no lack of bacteria 
and their nourishment At the same time, with the frequent 
removal of the sludge, and in exchange for the fresh sludge, the 
disintegrated product, which is harmful to bacteria, is lemoved. 
The septic chamber is, moreover, always in operation, and the 
disadvantage of receiving undigested sludge when sludge is 
drawn off is obviated. This occurs if the septic tank is not 
allowed to rest for several weeks after shutting off the inflowing 
sewage 

A very different process from any mentioned is the patent 
electro-osniQse method of Count von Schwerin, with which 
exhaustive experiments have been made in the drying and 
utilization of sludge at Frankfoit-on-the-Main. 

In this piocess the liquid molecules, by osmosis, pass to the 
cathode, while the solid particles collect at the anode, when an 
electric current is passed through a mass of sludge The sepa- 
rated water at the cathode is then drawn off The colloids, which 
form a large part of the sludge and which render drying by 
mechanical means diJflcult on account of their slimy consist- 
ency, are shriveled up by the electiic cuirent, facilitating their 
separation 

The apparatus consists of frames, one side of which is enclosed 
by a brass sieve which forms the cathode, and the other by a 
metal plate, usually of lead, which forms the anode. The in- 
side chamber is filled with sludge and the anode plate is brought 
near the cathode. The anode plate approaches the cathode as 
the volume is lessoned by the drawing off of the water at the 
cathode. 

Electrolytic disintegration is brought about simultaneously by 
the ele(*trolite contained in the sludge, so that the cathode water 
is alkaline, while at the anode the reaction is slightly acid 
* The current used in this method, which is not yet past the 
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experimental stage, is^ rather high, but not so gieat, aocorclnig to 
Tillmans, as to lender it impracticable. 

Artificial drying ovei afire is entirely out of the tiuostioii foi wet 
sludge for reasons of economy, on account of the great volume to 
be conveited into steam, but it has been tried with sludge niado 
somewhat firm by air drying or by filter pressing 

The cheapest way of doing this is by making bric[iiettoH of tlio 
solid sludge in brick pi esses, which aic then dried on shelves 
under a loof, and in from 2 to 8 weeks, according to the weatJier, 
become sufficiently hard to be transported without special 2 )i'e- 
cautions. These sludge bricks can then bo ground up and usi^d 
as a fertilizer 

The process of artificial drying consists cither in carrying tho 
sludge on a belt conveyor through a heated chamber, or it is 
brought to a current of hot an, by an enclosed worm conveyor, 
in a slowly-revolving non drum. The foul gases which aiise ai’o 
led under the fire to rcndei them inoffensive. 

The value of the material as a fertilizer does not compare with 
the cost, especially of the coal, os will be shown later, so that such 
a method is quite impi acticable, aside from the disagreealile and 
unhygienic features of the work due to the odors created, and 
repeated contact with the sludge. 
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Utilization of Sludge 

Ever since the impure mattei has been separated from sewage 
in the form of sludge by claiification plants, suggestions and 
experiments of various kinds have been made toward the moat 
complete and profitable recovery, so fai’ as possible, of its more 
valuable constituents. 

The following conditions should be fulfilled in any process 
leading to the utilization of sludge: 

1 The opeiation should take as little time as possible, and 
there should be a complete removal of injurious ingiedients. 

2 No physical harm or inconvenience should be peimitted to 
come to the workmen oi to the neighborhood of the works. 

3. The more valualile materials in the sludge should be ex- 
ti acted or recovered to the fullest extent. 

4. The process should be economical — ^ e., the cost of operation 
should not be greater than is justified by the anticipated benefits. 

1. Hygiene demands that, on account of the nature of sludge, 
the filth obtained from sewage should not be stored up or sub- 
jected to long drawn out manipulation, especially when the 
previous treatment is unobjectionable. The objectionable sub- 
stances should be removed or alteied by the operation, so that 
the final product is inoffensive. • 

2. The immediate contact of the workmen with the sludge 
should be avoided here, as in its removal from the tanks and its 
drying, for fear of infection The generation of gases and dis- 
agreeable smells in the utilization of sludge may result in a 
nuisance to the neighborhood, as has been mentioned in connec- 
tion with drying. 

3. As the amount of the more valuable materials in sludge is 
small, BO that large quantities, os compared with the amount of 
the product, must be handled, economy demands the greatest 
possible recovery without any waste. It is to the general interest 
that none of the material representing any considerable value in 
the large volume of sludge collected from many sources should 
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be lost, especially in view of the successful efforts that have Imh'ii 
made in all branches of human endeavor i.o recover that which 
was formerly considered worthless, 

4. The hope of securing a levenue from sludge utilization 
equal to the cost of operation, or of making it a profitable under- 
taking, has long been destioycd, at least wntli city s(*wag(' 

This is easily understood when one considers tluit in a city of 
50,000 inhabitants with an output of 2 million gallons (7500 
cbm ) of sewage per day, perhaps 58 5 eu. yds. (^5 clmi.) of 
sludge, 90 per cent moisture, or 5 9 cu. yds (4,5 cbm ) of dricMl 
material are recovered, of which possibly 2 G to Ibii eu. yils. 
(2 to 2,5 cbm.) are of organic origin — about 0 8 per eent. of llu' 
total volume of the sewage. This small proportion rejnesi'iits 
the really valuable material, which has a possible tln'oretical 
value of from $7.14 to $9 52 (30 to 40 M ) and must ofti'ii bes 
obtained by elaborate treatment Soinetiinos the cost of tlu' 
plant is recovered by the valuable ingredients found in the wastes 
from certain industries — ^wool-washing or metal working, foj’ 
instance — ^biit the plant should then be used only for these valu- 
able wastes. Sometimes the income is even in excess of thn 
expense. 

The incalculable benefit derived from a rapid removal, as wi4I 
as the expense resulting were any other moUiod cmi)lt)yed, slumld 
be added to the income earned, together with the j)roeeeds fiom 
the product obtained. The same thing is true regarding losses 
which may accrue from depreciation of the neighl)oring land, or 
demands for damages. Those may amount to largo sums, a(*- 
cording to the location of the i^lant, and possibly result in nii 
entile change in the metliod of treatment. 

In calculating on a possible revenue from any method, cans 
should bo taken to estimate the probable selling jirico of the ])rt)d- 
uct, or the value of the ingredients of the sludge whieh are to bo 
utilized. Above all, one should note fhe diff(‘renco b(^twoon tho 
theoretical value as worked out on paper and tlie a(‘tual value, 
neglect of whieh has often necessitated tho abandonment of a 
process which, on paper, gave promise of a large rewonuo. Tho 
existence of an ample demand for the product should also lio 
considered. 

On account of the advantages mentioned, which it is ofitm 
impossible to express directly in dollars and cents, but w^hicli 
nevertheless accrue to a city in the form of improved hygienic 
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conditions, or by i educing the operating charges, private enter- 
prises must always be at a disadvantage, even when, as is fre- 
quently the case, the sludge is delivered to them just as it is 
obtained, without cost. 

The utilization of sludge may be accomplished in the following 
ways 

a By availing of its fertilizing value 

b. By availing of its calorific value through incineration 

c By the gas produced. 

d By the grease obtained. 

e By vaiious other methods of disposal. 

Those methods are comprised under e which are of minor im- 
portance, or which seek merely to rendei sludge inoffensive 
without reference to its commercial value 

It must be emphasized that none of the methods as yet em- 
ployed entirely fulfill the conditions mentioned at the beginning 
of this section. 

a Utilization of the Fertilizing Properties of Sludge 

The principal field for the use of settled sludge is as a fertilizer 
mf aiming operations. This is the most ancient and was, for- 
merly, the only use. 

In the future the greater pait will also be utilized in this way, 
especially in small places where the cost of plants for further 
treatment would be too gieat and where the small amount of 
sludge produced would not admit of its utilization. Other condi- 
tions there, too, are found to be most favorable for this disposi- 
tion of sludge. 

The value of sludge as a fertilizer depends chiefly upon the 
amount of nitrogen and phosphoric acid contained, also, in less 
degree, on the amount of potash. The fimt two each compiise 
about 1 5 per cent of the dned material in settled sludge, potash 
about 0 5 per cent These figures natuially vary with sludge 
obtained by different processes They are, therefore, not to be 
given equal weight in their consideration for agricultural pur- 
poses. 

Detritus from grit chambers has little fertilizing value and is 
used principally for filling in land,_also for the top dressing on 
irrigation fields. It is, however, sonAetimes mixed with the sedi- 
ment from tanks to avoid the expense of the separate transporta- 
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tion of these small quantities Sludge from clieinica,! pj 
tion and septic tanks possesses but little fei’tiliziiig 
IS used in the former it can be employed where the soil is 
in this ingredient. Sedimentation piocesses and beLi* ai 
scieens furnish sludge of the highest value, especially 
the detritus fiom these is almost wholly organic, wlxil^ ^13 
half the dried material of settled sludge is organic. 

The fertilizing property of settled sludge is often Tariff 
affected by the grease contained. This prevents 
to a great extent, and injures the soil by the format 
coating not leadily pervious to air or water. 

With greasy sewage a separation of the grease^ as 
Kremer apparatus, is of great advantage in the sale of si 
agriculture. 

The amount of material valuable for the nourishmorrfc o 
mentioned above, corresponds to a theoretical ferfili^ixig 
28 cts per cubic yard (1.50 M per cbm ) of wot slnd^o co 
90 per cent moisture, and $1.10 per cubic yard (6 ]Vt, jpor 
dried sludge with 60 per cent, of moisture. With a.3a an 
sludge equal to 0.786 cu yd of sludge per lOOO ipersor 
per capita) daily, or in lound numbers, 290 cu. yds. j 
persons (220 1 per capita) per year, the income woiald b 
per 1000 persons (0.33 M. per capita) annually^, 'whic 

cover the gi eater pait of the operating expoiis(3S ^wi-fch. g 

tation processes, undei favorable circumstanccH, the whol 

But this is not the case. Tho cost of transpox-ta-tioi 
place of utilization should be deducted from this thi 
value. This is not insignificant, as much water imas-t he 
even when the sludge is quite firm, aside from tho sa.ndy 
which are useless for fertihzmg. 

The fertilizing material in sludge cannot be wholly 
as is the case with sewage irrigation, for the proportion i 
as plant food yields an excess of nitrogen. Wit^li gi 
results ill an abundance of straw, but few shriveled gra 
then, the mtrogen is to be entirely utilized, either one r 
apply too much sludge, unless vegetables only, or leafj 
are to be raised, or else the lime and potash which are 
must be brought to the field independently. 

For these reasons the actual value is much less t 
theoretical. Moreover, artificial fertilizers are now znnch 
than formerly and are preferred, because more ea/Sily 1 
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The night soil from towns not provided with sewerage by water 
carnage is supeiior to sludge foi its fertilizing piopertiea. Sludge 
can only be used foi agricultural purposes in the fall and winter 
up to the time of spiing planting, as the nitrogen is deleterious 
to most plants after May and, moreover, the teams for hauling 
are otherwise employed A constant removal is desirable for 
claiification plants Only plants with septic treatment are 
adapted to annual or semi-annual removal 
It is impossible to secure high prices, as farmers are not 
dependent upon sludge for fertilizing, while the treatment plants 
demand constant removal and the storage of sludge, except in 
small quantities, is objectionable. 

Sludge is utilized as a fertilizer either wet or in a de-watered 
condition, or the drying may be earned to such a point that it 
can be strewn over the ground. 

1 The use of Wet Sludge as a Fertilizer 
When wet the sludge can either: 

1. be talcen to the fields in casks or water-tight receptacles, or 
2 conveyed thereto in pipes or open channels. 

The first method is particulaily advisable where, in small 
plants, the sludge is removed from the settling tanlcs to a wagon 
by suction, or by pneumatic apparatus such as is used for empty- 
ing cesspools. All bad odors are thus avoided, and also the 
nuisance of flies. The sludge treatment plants are, too, reduced 
to a minimum, as no additional appai’atus is necessary, A pie- 
vious drawing off of the turbid liquid in the sludge well or 
vacuum receiver is of a certain advantage 

In larger installations the sludge container should be placed 
at such an elevation that a wagon can be filled independently of 
the removill of the sludge from the tanks, so that the process 
may not be unduly prolonged. For this purpose a tower 40 ft. 
(12 m ) high has been constructed at Mannheim, which holds an 
iron receptacle having a capacity of 15 7 cu, yds (12 cbm). 
The Fraiilcfort plant has two receptacles for sludge removal 
standing side-by-sidc (Fig. 28). 

It is possible, also, to provide pits for the temporary storage 
of sludge, especially when it is removed by the management of 
the plant, as the process need not then be interrupted in case 
there 8|ioul4 happen to be no field prepared for its reception 
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As a large amount of water must be eairioil as UH('less bulla'll, 
ill this way it is only practicable for sliurt hauls and small aroa^ 
Where several parties take the sludge ri*gulaily the hcm'oihI 
method is preferable, and a system of piping or ehaunels should 
be laid for its distribution. Open channels or gut.tiu’s can only 
be employed when the land on which sludg(‘ is to lie applietl lii*H 
nnich lower than the plant, rarticles of sludge fr(‘(iuimlly 
lodge in the channels and putrefy. 

Underground pipe systems with branches rising i.o the surfaci* 
at suitable ooints and closed with valves oi* blank llangc'S are 



Ii'io 28 — Sludgo Iluldurw {.h'tnukfutl ) 

always to be preferred. Movable lines of pipe can be laid on tho 
surface from these, by which tho sludge can be spn^ad ov('r llin 
entii’G field. 

In Mannheim, where nearly all the sludge is tlius utilisced on a 
tract of land of about 740 acres (liOO ha.), the underground jiipcs, 
which are about 1.25 miles (2 km.) long, and are laid in ground 
owned by the city, are of iron and of 5,85 in, (150 nun.) insitlo 
diameter. The sludgo is then carried to private lamls in surface 
pipes which also sciwo for a further distribution on Ihe city 
fields. These are made of old boiler tubes 8.9 in, (100 mm.) 
diameter inside, with flanged ends. Whore those are to remain 
for a long time, however, they are furnished with screw joints. 
A loose joint is sufficient for the distributing pipes as tho oossing 
sludge dries rapidly and closes the joints sufficiently. Tho pipes 
can be easily shifted by two men with short iron rakos and drawn 
together, (Fig, 29.) 
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The sludge is piopelled ouwaid by means of a piston pump. 
Provision should be made here for forcing water into the pipes to 
flush them out This may be found paiticularly necessary when 
blanch pipes have been long out of use, so that the sludge remain- 
ing m them has become thick. Such obstiuctions can always be 
icmovcd by flushing. As the pressuie can always be increased 
at option with a piston pump, and also reduced in case of a 
break in the pipes, this is better adapted for use with a long line 
of pipe than compressed air fiom a receiver The natural hydro- 
static piessure from elevated sludge tanks can only be used 



Fia 29 — Sludge distribution pipoa (Mannheim,) 


where there are also means for inci easing this piessure by con- 
necting the distributing pipes directly with the pump or with a 
compressed air receiver when an obstiuction occurs in the 
system In general, interruption of operation seldom occurs, but 
the use of such alternate appliances should be availed of more 
frequently, especially if the land suitable for drying beds lies at 
some distance from the plant. 

If sludge IS to be lemoved promptly from the tanlcs a larger 
sludge well should be provided so that the machmery for its 
propulsion may be of smaller size, and so that the operation may 
extend over a longer period. 

The largest plant of this kind is at Bii'mingham. The distance 
propelled here is about 3.5 miles (5 to 6 km), and masonry 
manholes are built for connecting the distributing pipes. 

Sludge can be distributed in various ways on the fields. A 
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method much in vof^uo in JOn^lniul Is to ililclu‘S from 20 1o 
80 in (0 5 to 0 0 m.) wide and 12 to 20 m (0 8 to 0 o m ) deep Ml 
a distance of about 5 ft (1 5 m ) apart 8() ) VlltM oiu‘ or 

two months, when the soil is dii(‘d oiil, tliesc^ are [illeil willi 
sludge and, after a few days, in oid(‘r l.o prevent obj(*ctioiiabl(' 
odors, covered to a de 2 )th of 2 to 8 m O'") to S cm ) witli llio (‘arth 
which has been excavated and ])hieed u])on (he iniernu'diale 
strips. This is repeated if the sludge should soak through I ho 
covering in wet weather The land is cullivated lor oih‘ or 1wf> 
y('ais, after which a lU'vv seru'S of trcmches is e\cavat<Ml on (hc‘ 
intermediate strips and utilized in the same way V ])i<‘ce ol 
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land is usually taken of such sizi* that the accumuhiteil sludgi' of 
a year can bo cared foi. Sometimes tlio st'cond application is 
made in connection with the fiist. It is then w'lse to let thi^ laud 
lie fallow for a year before putting it under eultivatioii. 

As the sludge is buried in thick layers and is withdrawn from 
the influence of the sun and wind l)y the covcM'ing ol (‘aith, it 
dries slowly Sometimes, as an experiment, it Jins Im'cu buried 
deeper. It was fouiul years later, howevcM*, in the sanus condition 
in. the ground and without having decomposed. 

Foul odors cannot bo avoided with c(‘rtainty eviMi wilh tlie 
eaith covering or the addition of lime. Above all, digging (he 
ditches is costly. In Manchester, with wages of 10 7 cts. (47) M.) 
per hour, it costs 6 96 cts per gallon per foot (0.25 M. jut 1. pt‘r 
m.) with a depth of 15 in. (0.45 m.). 

This method has therefore lieeii abandoned in Hlrminglmm in 
favor of that of placing the sludge on the fhdds without any 
special preparation, as this plan has Ix^en iouml sat-isfactory at 
Mannheim and Frankfort-on-the-Main Here about- 78,000 
cu. yds. (50,000 cl)m ) of litpiid sludge was utili/ii‘il in this way 
during the year 1902. Another method lias now rejilaced it, 
however, in connection with an incineration plant for rulibisli 
which has been installed recently. 

The whole process consists in irrigating tlio land with sludge. 
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(Fig 29.) By making a suitable choice of the crop to be fertilized 
sludge may be disposed of the yeai aiound, without having any 
laige plots lying idle. In Mannheim sludge is placed on sugar 
beets and tobacco in the late spring until the end of May, after 
the fields have been sludged in the winter and before the time for 
planting the summer grain and gieen foddei. By the end of 
July it can again be bi ought to the fields of stubble. In this 
way the land lies idle but two months. 

In order to regulate the operation it is necessaiy that the 
tenants, if the lands belong to the city, guarantee to take the 
sludge at certain tunes, oi agree- among themselves at what 
times it shall be taken It should be left to the farmers to decide 
which fields should receive the sludge. 

About IGO cu yds. (120 cbm.) per day with 91 per cent, 
moistuie IS given away in Mannheim, while only 47 6 cts (2 M.) 
is charged per day for the use of the pipes, besides the wages of 
tlxe woikmen who lay the pipes and apportion the sludge This 
returns an income of $428 (1800 M.). An attempt is also made 
to deiive a piofit from the sludge, as the 123.5 acres (50 ha.) 
of municipal land has risen in lental value from $8 70 to $12 50 
pel acre (90 M to 130 M. per ha) — about 50 pei cent , so that 
quite a sum is realized to cover the cost of purification This 
shows how the method is employed by the farmeis. A com- 
parison of the crops raised on iingated and non-irrigated land 
also shows the advantages derived. 

The same favorable results have been obtained at Birmingham. 
Formerly 26 men were employed to bury about 520 cu yds 
(400 cbm ) of sludge daily, while now only 6 men ai*e needed to 
spread it on the land This is also shown by the cost In the 
first cose the cost, including pumping, sinking fund and interest 
charges and rent for the land, was 7 cts. per ton (0 33 M per long 
ton) of sludge, in Manchester even 12 3 cts. per ton (0,58 M 
per long ton), while the other process cost but 2,5 cts. per ton 
(0 12 M per long ton). 

The amount of land required, accoiding to experience in 
Mannheim, wiis about 1 9 acres per cubic yard (1 ha. pei cbm.) 
of average sludge received per day This corresponds to a 
depth of about 1 45 in (3 7 cm) of sludge per year, or a require- 
ment of fully 25 sq yds. per cubic yard (27 qm. per cbm.) of 
sludge per year. 

In England, where it is of less value for use in agriculture 
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than its cost, an accumulation of 10 in (25 cm) per year Is 
estimated on land having favorable soil, equivalent to an area of 
3 6 sq yds per cubic yard (4 qm pei cbm ) of sludge With a 
heavy clay soil this is inci eased to 10 8 sq yds per cubic yard 
(12 qm. per cbm) of sludge or moie, and with a medium soil, 

7.2 sq. yds. per cubic yard (8 qm per cbm ) of sludge 

This small area of land is partly accounted for by the favorable 
climate of England, particularly in 'wunter. 

With a quantity of sludge amounting to 19 8 cu. yds. per 
million gallons (4 1. per cbm ) of sewage and a daily water con- 
sumption of 40 gallons (150 1 ) per capita, we have 286 cu yds. 

per 1000 = ^ capita) of sludge per 

year, and therefore ’wnth 10 in (25 cm.) depth of sludge, about 

1.2 sq yds. (1 qm.) per inhabitant. 

As the land is only spiead with sludge once in 2 or 3 years the 
above values should lie doubled or trebled, thus approaching the 
Mannheim value, which was estimated for a yeaily apphcation. 

The estimates of Schiele (“Mitteil d Kgl Versuchsanstalt,” 
No 11) of 0 48 sq yds (0 4 qm ) per capita seem rather low in 
comparison. 

The same areas are needed for ditches as for irrigation This 
method is used in England more for drying sludge than for 
agricultural purposes. 

Low embankments are sometimes thrown up by a plough, 
therefore, on level tracts of land, forming shallow ponds which 
are filled with sludge 4 to 6 in. (10 to 15 cm.) deep, and this is 
dug under when drj\ If the land is used in this way several 
times in succession it becomes more impervious and diying takes 
a correspondingly longer time. In this case it is bettei to provide 
apecdally dramed drymg places and to remove the sludge after 
it has been dried. 

If the sludge is used in small quantities on land which is 
devoted to agricultural uses, it decomposes entirely and the 
ground is always ready to take up more material As the sludge 
only covers the ground in a thin layer (see Fig. 29) it dries 
rapidly and can be harrowed under without delay. The land 
does not have to be absolutely level if care is taken to irrigate 
all parts by the aid of manual labor, and to see that the pipes 
are properly laid. 

By having long sludge pipes (see Birmingham) a sufficiently 
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large area of land can generally be reached. Sandy soil is 
especially well adapted for this, as the sludge diies out more 
quickly. It can, however, stand larger doses of sludge if it 
is under cultivation Land which is subject to overflow by 
streams and cannot be cultivated may be advantageously em- 
ployed in 11 ligation (MannJieim) . Provision for under-drainage 
is not necessary 

This method should be considered where there is septic sludge 
or fine sludge which cannot be de-watered by pressing or centri- 
fuging, and where drying beds cannot be provided. The former 
variety of sludge is not very useful in agriculture, but it is 
quickly disposed of 

Much giease is undesirable, but it disintegrates more readily 
and harms the field less when spread in thin layers than if m 
laige masses and lumps 

2 Utilization of Db-watered Kludge as Fertilizer 

The volume of sludge is reduced to one-fourth or more by de- 
watering to 60 or 70 per cent , thus rendering its transportation 
for long distances piofitable 

In Fiankfoit-on-the-Main sludge dried in the air was trans- 
ported as far as 5 miles (8 km) — ^in Neustadt O.-S. even 6 85 
miles (11 km.) by wagon, and in the latter case 62 cts per cubic 
yard (3.40 M. per cbm ) was paid when no lime had been added, 
or 44 cts (2 40 M ) with lime. In 1901, S916 30 (3850 M.) was 
realized from the sludge. 

Conditions arc seldom so favorable, however The character 
of the soil 111 that vicinity and the pioduction of fertilizer for 
agiicultural purposes have had considerable influence. It is, 
also, often advisable to give the sludge away to promote its intro- 
duction and for experimental purposes 

In most cases a very small price is paid for dried sludge, which 
is quite out of proportion to the cost of drying, especially when 
this is accomplished by presses or centrifugal machines. Detri- 
tus from screens always brings the highest price on account of 
its excellent quality. In Torgau 48 cts (2 M ) per load is paid, 
in Leipzig 36 cts (1.50 M ). In the same place 6 cts. (0 25 M ) 
was paid for tank sludge by lessees of the city, by others 12 cts. 
(0 50 M.) which was reduced by 6 cts. (0.25 M.) charges for load- 
ing. In 1908 the gross revenue was $318 68 (1339 M) when 
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there was a great demand, while the cost m wages for removing 
the diied sludge lioin the pits was about i|6854 (28,800 M ). In 
Unna septic sludge brings 36 cts (1 50 M ) per load, in Reckling- 
hausen 9 cts per cubic yard (0 50 M. per c*bin.). Tins price is 
frequently obtnmed, using sometimes to 18 cts. per cubic yard 
(1 M. per cbm ) 

In general better prices can be obtained in small places than in 
large cities, as the small farmers, who aie the principal users of 
sludge, are found there in comparatively greater iiumbors Large 
plants are glad to get rid of sludge in any way and to have it 
called for, to avoid the costa of transportation 

In England they sometimes obtain 18 cts. per cubic yard 
(1 0 M. per cbm ) for pressed cake, but 9 to 13 1/2 cts. (0 50 to 
0 75 M. per cbm ) is often paid to have it carried away. 

The sludge is spread on the land and dug under lus in the case 
of manuie. The loose consistency of centrifuged sludge rendoi's 
it easy to handle. The freezing of sludge spread on the fields, 
which is common when ponded, promotes its decomposition and 
enhances its fertilizing power. 

Half dried sludge can be frozen in cold localities, making it 
easier to load and transport. The thawing at the places for dry- 
ing, however, entails moie work. 

Detritus from acieens, possibly also from gut chaml)ers, is often 
composted with street sweepings, sifted dust, and, in smaller 
quantities, with dried leaves or pieces of peal, to increase its 
fertilizing qualities. This is best accomplished in walled pits, in 
which they arc placed in rotation xn thin layers. The odors are 
less with the small surface exposed than if placed in heaps, and 
when the pit is fiJl can be lessened by the application of a layer 
of peat. In Cologne 4 pits with a capacity of 130 cu. yds. (100 
cbm.) each are used foi this purpose. ' 

Wet sludge is also mixed with dust or street sweepings to 
obtain a material that is more easily handled, and in Cassel, for 
example, tanks were arranged with embankments of street 
sweepings, into which liquid sludge was pumpod. Masses of the 
sweepings from the sides were then gradually mixed with the 
sludge until equalling half its volume. In half a year a material 
capable of transportation was obtained with 45 per cent, of 
moisture, having the odor of garden compost, which was given 
away free. One and seven-tenths pounds of lime per cubic 
yard (1 kg. per cbm.) was added to prevent foul odors and flies, 
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but this was not entirely successful The fertilizing value was 
also reduced and the cost increased 

It IS not advisable to compost wet tank sludge with street 
sweepings, as this is only possible by forming great heaps, which 
delays the drying and increases the foul odors Sweepings, 
moi cover, aie more easily cared for by themselves 

3. Production of Fertilizer which can be Strewn 
OVER THE Ground 

Many experiments have been made to secure a fertilizer that 
can be stiewn aftei drying the sludge to 10 or 20 per cent, 
moisture, such as has been obtamed in the form of poudrette 
from fecal matter 

They have almost all failed because of the great cost required 
for artificial drying 

The process is made cheaper by spieading the de-watered 
sludge in thin layers under cover, rolling it seveial times or raking 
it over. In summer the contained water can be reduced to from 
10 to 20 per cent. This method can only be used for small 
quantities on account of the space required, and cannot be 
employed in damp weather. 

With larger quantities the de-watered sludge can be formed 
into briquettes and dried in the air under sheds, like bricks, as 
described in the last section. 

In either case it can be ground up, producing a fertilizer that 
can be strewn. 

This method requires a prolonged handling of the sludge. The 
workmen come into contact with it, also, and it remains piled up 
a long time, although it is not very offensive 

This process is considerably acceleiated by the artificial diying 
already mentioned. Extensive experiments have been made m 
Frankfort with an apparatus constiucted by Fellner and Ziegler, 
in Bockenheim. 

Water is diawn off from the sludge, which has been placed in a 
rotary dmm, filled with iron balls, at a tempeiature of from 212° 
to 248° F (100° to 120° C ) and at the same tune the dried mass 
is ground. The fertilizer which, with a water content of from 
5 to 15 per cent can then be strewn, contains 1 8 per cent, of 
nitrogen and 1.9 per cent of phosphoric acid. The whole con- 
tains, on an average, 47 5 per cent, of organic matter. 
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From 0 388 cu yds (296 1.) of sludge with 72 per cent water 
(specific gravity =115) there weie obtained houily 209 lbs 
(95 kg.) of poudrette, while 101 lbs. (46 kg ) of coal was used 
From this we have the uufavoiable factor foi the production of 


^ 100X101 , 

steam: — — — — — ~~ = about 314 
388X1 15X72 


100X46 


: = about — 


388X1 15X72 \2 96Xl 15X72 5.1/ 

The large consumption of coal brought the cost of a ton of 
poudrette to $6 48 (3 M per 100 kg ) which was much higher 
than the price for which it could be sold. 

The nuisance produced by the foul-smelling gases resulting 
from the drying could not be entiiely prevented, even by con- 
ducting the gases imdei the file 

The same experience was had in Potsdam, where similar experi- 
ments were carried on in the further drying of ligmte sludge to 
secure a more perfect incineration 

Nor has the result sought been reached in the attempt to 
secure a product that can be strewn by diymg between hot 
cylindeis, pressed sludge containing an addition of lime. 

In England, on the contrary, very successful methods have 
been devised for securing a fertilizei tliat will find a market, os 
Schiele repoils in No 11 of Mitteilung der Koniglichen Versuch- 
sanstalt 

In Kmgston the sludge obtained from the A B. C. process is 
pressed and then artificially dried and scieened. After furtlicu* 
drymg in the an during stoiage it is sold as '^Native Guano,'' 
especially as a fertilizei for flowers, at a price beyond its tiuo 
value. In spite of this the clarification and fui-ther treatment 
cost about 40 1/2 cts (1 70 M ) per capita per year. But the 
employment of a cheaper method of clarification comliined with 


a discharge to the sea would be yet more expensive. 

In Glasgow the “Globe Fertilizer" is produced in a similar 
manner by clarifying with lime and sulphate of h'on and then 
artificially drymg the pressed sludge at a temperature of 140° 
to 158° F. (65° to 70° C). In 5 years 1 23 million tons (1.1 
million long tons) of sludge with 91 per cent moisture produced 
198,000 tons (177,000 long tons) of pre.ssed cake and 6400 tons 
(5700 long tons) of fertilizer. The former cost 42 1/2 cts per 
ton (2 M per long ton) and was sold foi from 14 9 to 21.2 cts, per 
ton (0 70 to 1 00 M per long ton); the lattei, while costing 
J2 12 per ton (10 M. per long ton) to produce, sold for from 
$1 70 to $2 12, or in sacks $2.97 per ton (8 to 10 M. and 14 M, 
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per long ton) This return reduced the cost of clarification by 
81 cts. per million gallons (0 9 M. per 1000 cbm ) of sewage In 
spite of the smaller price the sale of the pressed cakes was pre- 
ferred, as they requiied less work 

No gieat profit can be looked for by fuither tieatment of the 
feitilizer, especially as the valuable artificial fertilizers at their 
cheap prices are always preferred. Even with artificial drying 
it is a long drawn out process, requirmg troublesome manipula- 
tion. It is always to the interest of the plant to render the 
process as short and simple as possible, especially wheie no 
great profit can be realized. 

b Complete Utilization of Calorific Value by Burning 

A means frequently employed to remove valueless refuse 
which, when accumulated, becomes offensive fiom its gradual 
decomposition and, also, takes up too much room, is by burning. 
By using the pioper apparatus the heat fiom the gas generated 
can be utilized, oi if this is not done the volume is at least i educed 
and the final product is an unobjectionable heap of ashes. 

The possibility of burnmg, and especially of utilizmg, the 
calorific value of sludge depends on several conditions which are 
of great importance, the disregard of which has led to many 
failures. We will therefore consider them somewhat more in 
detail. 

The degree to which sludge can be disposed of by making use 
of its calorific value depends upon the proportion of organic 
matter contained, on the water and on the grease. 

The effective thermal value of any mateiial is the numbei of 
heat units developed by the combustion of one pound (or of 1 kg ) 
of the fuel under consideration. 

The laigei the proportion of organic constituents in sludge the 
gi eater the amount of available heat which is released by com- 
bustion. The inorganic material and the water contamed in it 
absorb a certain part of the heat generated in raising their own 
temperature. Water consumes a large part of it, not only 
because it constitutes a great proportion of the whole, but par- 
ticularly because it must be converted into steam 180 b. t. u. 
per pound are required to raise water from 32° F. to 212° F. (100 
calories per kg from 0° to 100° C ), but to convert water at 212° 
F, (100° C.) into steam of the same temperature there are required 



96 


SEWAGE SLUDGE 


965 b t u. per pound (536 caloiioa pci kp:), alto^rothcr alxiut. 
1152 b t u per pound (640 caloiios per kg ) 

As in ordinary incineration plants only the amount of In'al can 
be utilized compnsed between the tcnipoiaturc of coiuIuihUou 
and that of the gases dischai’ged, and as this last temiH'iaturt' is 
usually above 212° F. (100° C ), tlie water coniaiiH'd in tin' fuel is, 
as a rule, converted into steam Tlie heat usc'd in tliis process is, 
however, lost, except foi a part which appears in the higher 
temperature of the gases given off. 

The effect of the moisture on the Inirning can be slum a mat In*- 
jnatically. 

The absolute caloric value of the dried inat.eiial is about. 7200 
b. t. u. per pound (4000 calorics per kg ). WitJi a 'W'ati'r content 
of 90 per cent theie will be 90 lbs. (or kg.) of water in 100 lbs. 
(or kg.) of sludge. To convert this into steam requires 90 X 1 152 
= 103,080 b. t. u. (90X640 = 57,600 calories). The calorific 
value of the dried material is 10x7200 = 72,000 b, t. u. (10X4000 
= 40,000 caloi’ios). 

Sludge containing so much water has therefore no practical 
heating value. It is only when it is further tlried that we obtain 
from the calorific value of the material an excess of heat aliovt' 
that used up in the geneiation of stenin, 'I'ho following tabh' liy 
Koachmiedci (Tech. Gemeindeblatt, seventli year) shows to 
what degree this occurs through the reduction of tiu' contained 
moisture by 10 per cent. 
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Sludge has a practical caloiific value only aftei the contained 
moisture has been reduced to 80 per cent. This value mcreases 
giadually in proportion to the decreasing amount of water to be 
cliiveii off at decreasmg inteivals of 10 per cent (See Chapter 
IV ) It appears, therefore, that little will be gained by drying it 
beyond 50 or 60 per cent 

It should also be noted that the temperatuie must not be 
loweied below the degree requiied for combustion when mateiial 
to be burned is added 

The grease contained is a disadvantage in burning inasmuch as 
this must be distilled off at a tempeiature of 572° F (300° C) 
before i caching the temperature of combustion The heat thus 
used is lost, as these distilled vapors aie not consumed m any 
ordinal y furnace With every addition of mateiial to be burned, 
therefore, the moisture must be turned into steam, the grease and 
similar substances must be distilled off, and it is only with a yet 
higher temperature that we obtam gases of the degiee of heat 
rcquiied for practical use 

When buimmg diied sludge in house stoves the grease is dis- 
tilled off and IS quickly deposited on the cooler parts of the heat- 
ing apparatus, resulting in much du*t and the production of im- 
pure gases which escape into the room and render the air impure 
When it is burned under steam boilers the gases escaping through 
the chimney annoy the people of the neighborhood. 

Although we find from the above that sludge sufficiently dned 
can be burned without adding other material, its use is too limited 
to make further dr3dng, except by the usual methods, of economic 
value. Expcmnents in this direction have, however, been made. 

In Franldort-on-the-Main briquettes made fiom de-watered 
sludge with buck presses and dried in the aii to 10 pei cent of 
moisture gave an effective calorific value of 9910 b t u. (2500 
calories), on an average with 47 per cent, of combustible material 

According to Brodtschneider and Pioskauer (Vierteljahjes- 
schrift f off Ges. — ^Pflege., Vol. XXXVII) air-dried sludge with 
20 per cent moistuie contains about 30 per cent, combustible 
material and about 50 per cent, mineral matter, and has a 
calorific value of 8730 b. t. u. (2200 calories) 

Experiments at Elberfeld have shown that sludge with as 
much as 00 per cent, moisture can be burned without the addition 
of coal by using a forced draft. 

As valuable combustible materials, such as carbonic acid and 
7 



98 


SEWAGE SLUDGE 


methane, arc lost during decomposition, sludge from septic tiinlvH 
is less suitable for heating purposes In IStuttgart the ciiloriiie 
value of septic sludge with 40 per cent, moistuie was (3450 b. t u. 
(1027 calories), with settled sludge containing 47 per cent niois- 
tuie, 8035 b. t ii (2025 calories). In couiparison we hav(': 
lignite sludge from Potsdam with 00 per cent nioisi.ure, 5950 
1) t. u. (1500 calories), and settled sludge from llanovei, dried at 
212° P. (100° C ), 15,870 b. t u. (4000 ealories), with 2S pcM* cent, 
ash and 17,120 b. t. u (4315 calories) , with 18 5 pei* cent, ash A 
certain increase in caloiific value is found in coal mining districts 
due to particles of coal in the sewage. 

Coal or other combustible material, such as dust, has b(‘en 
mixed with sludge to increase its calorific value in oid(‘r to rtMuh^r 
its use practicable. The coal can be added to the sewage, to tlio 
wet sludge or to the dried sludge before it is used. 

The first method brings out the most oconoimeal use of the 
material added. It can be used as a means for (‘larifieation, us 
in the lignite process. The addition of coal or peat also ftuulital.es 
drying in the air as well as by pressure, and retards the decom- 
position of deposited sludge. If the material that is to be Ininu'd 
is mixed with wet sludge, this is best in the form of coal dust, 
which is thoroughly incorporated with the sludge l)y a process 
patented by the firm of Ilothe, in winch it is suekc'd in like ijor- 
ridge through a lateral suction pipe in the sludge puni]). 

The complete utilization of the calorific value is, th(‘refoi‘(», I In’! 
appiovcd practice in using the lignite proeess, and as U(nchlt‘ uml 
Dost have shown by experiments to be desci'ilx'd later, tlu* frail 
material contributes from 11 to 30 per cent, of the resulting 
calorific value. 

Experiments at Charlottcnburg, whore sludge containing 
40 per cent moisture was burned with the addition of coal, 
more coal was required to obtain a certain amount of steam tlmii 
if coal alone had been used. Por other ivasons, too, stress should 
be laid upon mixing as thoroughly as possible. 

In the lignite process, where 4,1 to 8.3 tons per million gallons 
(1 to 2 kg. per cbin.) of ground lignite with alum and sulphate 
of iron are added to the sewage, the sludge is usually burned und(‘r 
the boilers of the appai-atus just as it comes from the press. If 
it is received in the consistency of giuel, whic.h cannot always be 
avoided with its variable character, other sludge which has 
received additional drying in the air under cover is mixed with it. 
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The giate is supplied with diagonal bars The resulting ash is 
about 1/7 of the oiiginal amount. 

In Copenick the lignite sludge which has been dried in tanks 
thiee or four weeks, is heaped up under cover for about four 
months, and this high piling up has been found of gi eater advan- 
tage than placing it in thin layeis,so that the laige drying sheds 
have been but partially used. The calorific value with about 
40 per cent moisture is 8630 b t. u (2175 calories) . It is burned 
in the neighboiing electric plant with an addition of one pait of 
coal to 2 to 4 paits of sludge, applying, at the same time, a foiced 
draft. Lignite sludge is also used at Potsdam m the municipal 
electiic plant, but without pievious storage, usmg a mixture of 
1 part coal slack to 8 parts sludge. The electiic plant, which 
uses no other fuel, pays therefor $2142 (9000 M.), which repre- 
sents only a part of the cost of the sludge. 

An expeiimental plant of the Nuremberg Machine Manufactui- 
ing Co , Inc , dues the wet lignite sludge by heat, the final product 
— a firm black mass — is used for fuel and the steam generated 
thereby employed to operate the machinery. Further particu- 
lais as to the success of this plant cannot yet be given. 

At Spandau the lignite sludge is made into briquettes and 
sold at $1.52 per ton (0 70 M per 100 kg.) for fuel In other 
places the sludge bjiquettes which are not needed to operate the 
clarification plant are given away to poor families. 

Experiments with septic sludge from Emscher tanks show that 
it burns when containing 46.4 per cent moisture with an addition 
of from 20 to 5 per cent of coal, when 50 per cent, which has no 
commercial use is left as ash. 

Besides the complete utilization of the calorific value, an 
attempt should be made to secure an ash having value, on account 
of its large amount. This is especially worthy of attention where 
there is a lack of sand and giavel for mortar and concrete. At 
Huddersfield, England, the pressed sludge from chemical pre- 
cipitation is mixed with coke breeze in the proportion of 5 1 and 
burned The resulting slag is used with lime and cement to 
make mortar The operation is expensive, however, the burning 
alone costing, in the added coke and wages, 55 2 cts per ton 
(2 GO M. per long ton) , to which should be added 53 1 cts. per ton 
(2.50 M. per long ton) for pressing The only advantage lies in 
the fact that the entire product is thus utilized without any waste 
This point is not worth considermg in lignite clarification plants 
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wlieie the lesidue of ash is but 1/7 of the wliolc amotint T1 h‘ 
complete utilization ot the caloiific value is of iniportaiiei' in 
leducmg the high cost of the pioce&s, especially as large maclinu'H 
are necessary to do the woik 

It has even been pioposed to lessen the buiden on the sewage 
at Beilin by claiifying a pait ot the sewage with coal and tlien 
utilizing the sludge in the pioduction of electiical energy foi llio 
railways. With an addition of from 20 to .‘30 pei cent, of lignite 
there has been estimated a return of 21,4.31,000 k. w h fioin 
104,040 tons (147,000 long tons) of sludge 

Centrifuged .sludge is pai'ticiilarly well adapted to Imining on 
account of its loose consistency. A scpaiato extraction of gi(MiH(' 
from the sewage in oiclcr to produce a sludge witliout this in- 
gredient is of advantage, as has licen already explained in the 
lemarks on comlnistion 

In Bradford, wheic all the sludge is worked over for the groas(», 
the pressed cakes without grease ai’c mixed with coal in tlio 
proportion of 7 1, while a heated foiccd draft is used to prevmit 
any annoyance from smoke, and the cakes aie then burned under 
steam boilers, thus saving an annual exponsc of $4700 (20, 000 
M ) foi fuel. 

Briquettes made from sludge diied to 75 per cent., with coal 
and bitumen added, have boon used foi fuel in ColuinlniH, U. H., 
but as in all experiments with a mixture of more valuable fu(‘l, 
the cost has been greater than its actual value 

The incinoiation of sludge witli dust or stro(»t swecjiiugs com- 
bined, has frequently been found practicable, the most notnlih' 
example being nt Frankfoi-t-on-tho-Maiu, whore centrifuge- 
dried sludge has been treated in this way HxpeiinientH then' 
indicated that sludge wuUi 75 per cent, moisture mixcnl with 
house sweepings would Iniru wdtliout any additional fuel, so, 
also, m Charlottenburg wliei’c, with a inixturo of 1 ])art sludgo 
with 75 poi cent moistuio and 3 parts Jiouso swoeiiiiigs, 1 lb, 
evaporated from 0 70 to 1.08 llis, (1 kg cvaporateil 0.70 to 
1 08 kg ) of water in the l^oiler. 

This method is frecjUditly used in England wheie pressc'd 
cakes containing 50 to GO per cent, moisture are customarily 
mixed with dust in the proportion of 1 to 2, The cdorilic 
value of the material is utilized to operate the j)Iant. Thin is, 
naturally, Hot gicat In Buiy 07 to 78 tons (00 to 70 long tons) 
of the mixed material are buj-nod daily, fuinishing 38 li. p. for 
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the engine boilejs of the plant Tlie slag resulting from this 
method can he melted and giound It is then used foi building 
matei lal Especial attention is given to the gases produced, as 
these may easily cause annoyance. 

c Production of Gas 

The unfavorable results obtained in utilizing the combustible 
material in sludge as fuel which have been desciibed have led to 
experiments by which its coloiific value may be more fully 
realized tliiough its convcision into gas. 

A distinction should be made here between the removal 
(entgasung) of the gas and the production (vergasung) of the 
gas from the sludge. 

The foimer is accomplished by diiving out the volatile in- 
giedients, especially the carbuietted hydrogen, which makes a 
veiy valuable gas, by a high temperatuie. This is dry distilla^ 
tion, such as is employed m making illuminating gas. 

By the pi oductioii of gas is understood the combination of the 
caibon contained in the material with the oxygen of the air to 
form carbonic oxide. This can be brought about by passing air 
through glowing coals Carbonic oxide gas is pioduced which, 
when mixed with the inei*t nitrogen of the air, is called producer 
gas. This is not a perfectly combustible product, as the carbon 
is consumed only to the degree necessary to produce carbonic 
oxide, but not caibonic acid. 

If steam from water is brought into contact with glowing 
coals the oxygen in it unites with the carbon, forming carbonic 
oxide, and the hydrogen is set fioe. The mixtuie of these two 
gases is called watoi gas. In the suction gas producer, air and 
steam are admitted at the same time and the resulting gas is a 
mixture of both kinds. These gases are usually mixed with other 
volatile substances which are freed from the combustible material 
recently added to the upper layer in the genei ator. 

At first attempts were made to drive off the gas from sludge, 
but so far this has been without piactical success. The reason 
for failure is the great volume of the water contained in the 
sludge as compared with the small amount of combustible 
material, a condition which constitutes the great difficulty in 
all methods of utilization. A great deal of fuel is required to 
heat this great mass, while the value of the gases obtamed not 
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in proportion Moreover, a considerable amount of lesidue 
remains after the gas has been removed 

This IS also shown in the experiments undertaken in Tegel to 
remove the gas fiom sludge produced by mixing peat with the 
sewage of Stuttgart. Here from 1 96 cu yds (1.5 cbm ) of 
sludge weighmg 1700 lbs (770 kg ) there remamed a residue in the 
retort of 534 lbs. (242 kg ) =31 4 per cent. — quite alaige amount 
— and the gas obtained was about 7060 cu. ft. (200 cbm ) or 
417 cu ft. from 100 lbs. (26 cbm from 100 kg ) of sludge, using 
1700 lbs (770 kg) of coke The caloiifie value of the gases 
obtained was 16,578 b t u. (4178 calories) as compared with 
possibly 19,840 b t u. (5000 calories) m the case of illuminating 
gas, and the cost of production (fuel and wages) $1.27 per 1000 
cu ft. (0 19 M per cbm ). 

The cost of production is therefore very high in proportion to 
its value. The conditions are still less favorable with ordmary 
settled sludge, as was shown by experiments at Frankfort-on-the- 
Main. Here, from 220 lbs (100 kg ) of air-dried briquettes only 
690 cu. ft (19 5 cbm ) of gas was obtained After a 4-hour 
period 50 per cent, residue was found. The gas contained; 


Hydiogen, 

Carbon, 

Methane, 

Heavy caiburetted hydrogen, 
Carbonic acid, 

Nitrogen, 


36 per cent 
23 per cent. 
13 per cent. 
6 per cent 
16 per cent. 
6 per cent 
100 per cent. 


Its calorific value was 15,000 b t u (3800 calories) — ^the 
maximum 16,860 b, t u. (4250 calories). The lUummatmg power 
was small, 5.3 candle power while using 5 3 cu, ft. (150 1.) per 
hour, so that the gas cannot be used for lighting. 

Similar results were obtained with sludge from septic tanks 
and plain sedimentation in Stuttgart, as the following figures 
indicate 

There is, therefore, no question of economy in the process. 

Experiments for converting sludge into gas have resulted more 
favorably although, even here, there has been no satisfactory 
solution. 

The same unfavorable characteristics of settled sludge are 
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shown here as were found in connection with burning, as might be 
expected, for both processes aim to secure its entire calorific 
value. 

Gas obtained is used to drive engines. As the calorific value 
of the sludge is small these engines must be made very laige. 
Besides, the prelmiinary distillation of the grease, which quickly 
condenses, makes the engme and plant for the production of 
gas very dirty, so that ample reserve must be provided for unin- 
terrupted power 

The heat required to convert the water into steam and distill 
the grease might be recovered by passing their vapors over glow- 
ing coals, possibly by admitting them into the fire box, thereby 
inducing further decomposition. In using wet sludge for making 
water gas the method suggested by Koschmiedei may be em- 
ployed of conveying the steam from the sludge to the generator, 
thus utilizing the heat devoted to that purpose The heat from 
the gases may be used to further dry the de-watered sludge 
Cool to the amount of 1 1/2 times the wet sludge should then bo 
added This increases the cost of the process, and probably in a 
greater degree than by special drying of the sludge or by other 
processes where the stoiage or prolonged treatment of the sludge 
is avoided. 

Sludge which has not had coal added during or after clarifica- 
tion is not suited to the removal of gas 

The experiments which have been made in this direction by the 
Deutz Gas Engine Works have therefore only dealt with coal- 
clarified sludge Of these experiments, some of which were 
undertaken at Deutz, some at the Dresden Municipal Exhibition 
and some at the experimental plant at Oberschdneweide, we will 
only consider those made by Reichle and Dost at the last-named 
place, as the results are all similar. 

The experimental plant, which has now been abandoned, 
consisted of a generator, a condensing plant, and a suction gas 
engine of 70 h. p. With an addition of from 5 63 to 8.23 tons of 
lignite and from 0 75 to 1.13 tons of sulphate of alununa to 
1 million gallons of sewage there were obtained 12.5 tons of 
sludge (with 1.35 to 1 97 kg lignite and 0 18 to 0.27 kg. sulphate 
of alumina per cbm,, 3 kg. of sludge) with 64 per cent, moisture 
having a calorific value of 3202 b. t. u, per pound (1779 calories 
per kg ). The sludge received from the press with this amount 
of moisture was dried in the air to 51 per cent , for, as was shown 
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by these expel iments, sludge with 5S per cent or more cannot 
be eonveited into gas 

The following composition was the result of an analysis. 


Carbon, 

22 3 pel cent 

Hydiogen, 

2 7 per cent 

Nitiogen, 

1 0 per cent 

Oxygen, 

12 8 per cent 

Sulphur, 

0 5 pel cent 

Ash, 

9.8 per cent 

Water, 

5 1 per cent 


The calorific value of the gases produced was on an average 
81,000 (maximum 90,000) b t. u per. 1000 cu. ft. of gas, as com- 
pared with 146,000 or more wfth other power gas [721 (maximum 
801) calories pei cbm as compared with 1300 or more] The 
engine, therefoie, only furbished 57 h. p. The amount of lignite 
sludge was 5.56 lb (2 52 kg.) per bi ake horse-power-hour, 

, , 4.1 1 a; ■ . 2510 X 100/ 632X100 \ 

whence we have a thermal efficiency of 

= 14.1 per cent. 3202 (1779) here represents the calorific value 
of the sludge and 2510 (632) the heat units requiiod foi one h p 
hour. 

The impure matter increased the heating value by from 11 to 
30 per cent , the sewage being composed mostly of factoiy wastes 
without combustible ingredients. 

As the cost of fuel is 0.36 to 0 50 cts (1 5 to 2 0 pfg ) per h. p 
hour, and about 15 per cent of the power derived from the sludge 
was utilized for the clarification plant, the cost of operation at 
Oberschdneweide, as was demonstiated in 1905, was reduced 
from 33 1 cts to 24 5 cts (1 39 M to 1.03 M ) per capita per 
annum, or by $16 20 pei million gallons (1 8 pfg per cbm.) of 
sewage, including interest and amortization charges 

Such utilization of lignite sludge has a cei*tain economic 
advantage which can be increased by improvements as already 
indicated The costs of maintenance and operation may be 
reduced if the process is used in connection with a municipal 
power plant where sludge is available. It does not seem wise to 
adopt the lignite process merely for the profitable use of the 
sludge when its advantages — ^freedom from odor, small area 
required, easy handling and therefore the possibility of estab- 
lishing the plant in populous districts — cannot all be realized. 
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Recently a plant of this kind, to utilize sludge for power gas, 
has been installed at Elbing, but although no decided opinion 
can be expressed aftei the short time it has been m opeiation, it 
does not appeal to meet the expectations as to cost 

d Extraction of Grease 

The grease contamed in sludge is detrimental to the methods 
of utilization hitherto described In order to lealize the greatest 
possible value either as a fertilizer or for fuel it is necessary to 
elimmate the grease, or at least to have as little of it as possible. 
But the contained grease itself represents a valuable product. 
It is necessary, however, to extract it from the sludge m the 
simplest and most economical way 

This can be done* 

1. By extraction of the grease from the settled sludge. 

2. By extraction of the gi’ease from the sewage either by 
itself or in connection with other materials. 

A mechamcal separation of the grease by its rising to the 
suiface on account of its light specific gravity does not take place 
in connection vith sludge as it is too mtimately mixed with the 
particles of the latter. In de-watering by centrifugal force m 
closed drums the grease separates fiom the water in the center 
and can be collected. 

Both of these methods have been tried out in practice. 

The first is more generally known in Germany from a plant 
at Cassel erected by Degener through the Caasel Machine Woiks 
— Incorporated, formeily the firm of Beck and Henkel 

The sludge, which was given away by the city of Cassel just as 
it was obtained, and which contamed coarse sedimentary and 
floatmg matter on account of the lack of grit chambers or screens, 
was worked over by the followmg processes: 

1 Freeing the sludge from its coarse mgi'edients (rags, sticks 
of wood, etc.) by a rolling screen 

2. Mixing with sulphuric acid in kettles 

3. Heatmg the mixture in Montejus [3 to each 3.9 cu yds. 
(3 cbm.)] to 212° F. (100° C.) 

4. Pressing the heated material in filtei- presses. The drainage 
water was conveyed to a lime well to neutralize the acids and 
returned to the plant 

5. Drying the pressed cakes, first by introducing steam into 
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the pi esses and tliencc, aftei they were disintegrated, into an 
appaiatus heated by steam 

6. Extracting the giease by benzine in an extractor holding 
8.5 cu yds (G 5 cbm ) 

7. Libel ating the grease and sediment from the benzine by 
steam. The latter was recovered by condensation and could be 
used again sevei al times 

S Subsequent diymg of the sediment in thin layers in the air 
or in a drying appaiatus after the moisture had been reduced to 
40 or 50 per cent, by steam 

9 Distillation of the grease This produced two layers of 
giease, yellow and blown, while a tar-like material remained as 
reg^due. 

The amount of grease extracted varied from 8 to 25 per cent 
and averaged 15 per cent of the dried material in the sludge 
cakes, while the average amount of grease contained in the sludge 
was 18 per cent. 

The residue, deprived of grease, found a good market as a 
feitilizer and had the following composition referred to the diied 
mateiial 


Nitrogen, 

Grease, 

Phosphoric acid, 
Potash, 


2 35 to 6 90 per cent 
0 71 to 5 89 per cent 
0 41 to 1 . 12 per cent. 
0 03 to 0 15 per cent. 


As shown above, this method was very troublesome. In 
addition to a good deal of machinery it reqmred 16 men for 
operation — 8 by day and 8 by night 

The final product was unobjectionable from a sanitary point of 
view and the process was, moreovei, harmless for the workmen. 

As many alterations and impiovements were found necessary 
in trying out the plant, the capital required had to be increased, 
making, with the high cost of operation, economical results 
impossible After 3 years, therefore, it was abandoned, and the 
contract with the city of Cassel was cancelled. 

The principal reason for the high cost of operation was the 
great expense that had to be inouned for fuel used in heating the 
wet sludge and in drying the pressed cakes, which was out of 
proportion to the value of the grease contained (See page 10) . 

Experiments made at Frankfort-on-the-Mam to extract grease 
with benzme from wet sludge contaimng 15 to 20 per cent, of 
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gretiae in the dried material showed the pj’ocoRH to !)(' iiiu'co- 
nomical 

Extracting grease from sewage sludge ()l)taiiied under normal 
conditions can never be profita)>le 

The situation is different in towns where iniirh gi'oase is dis- 
charged into the sewage from factories, as, for exuiuple, in vai ions 
English cities from wool washing works. 

The largest plant of this kind is at Bradford (Frii,zing Hall). 
14 53 milhon gallons (55,000 cbm ) of sewage, half t)f which conn'M 
from wool washing establishments, are treated tiiere daily by the 
addition of sulphuric acid. The sludge, with KO per ct*nt. mois- 
ture, is heated to 212° F. (100° C ) by steam and then l(*d into hot 
filter presses, where the grease, which has been sc])arat(‘il by tlu* 
sulphuric acid, is pressed out with the wat(M\ Tlu* gri'ase H(*pa- 
rates from the water and is refined. In 1904 it brouglit a Kweiiiu^ 
of *29,300 (123,000 M), but at a cost of $59,500 (250,000 M.), 
for sulphuric acid. 

The pressed cakes contain, in addition to from 30 to 40 per cent, 
of water, from 15 to 25 per coni, of grease, and are used for fuel; 
for, as has been stated, they are not suitable^ for use as a fei’tilizc^r 
on account of the grease In an oxpeiimeutal phintr one part of 
it is worked over for grease by heating the sludge cakes in ri'torls 
to 600° F. (315° C ) m order to distill the grease. This is Hn‘u 
drawn up by suction and condensed when it is almost as valuable 
as when first obtained. The gas water obtaim'd is treatc'd for 
^ ammonia at the gas plant while the pulverizcnl I'esiduo, containing 
'1,5 per cent nitrogen, serves m a fertilizer. 

’If the liquid wastes from wool scouring and cloth finishing 
plants are treated separately, the grease recovered sometimes 
pays for the entire cost of purification. It is of advantage tti 
treat the sludge from several factories in one plant 

The great disadvantage in treating largo volumes of watery 
sludge, as at Cassel, especially the heating, may be lessoned if 
the grease is extracted by itself from the main body of the sludge, 
as is done with the floating layer in the Ki-emer apparatus. It is 
impossible to prevent a part of the grease in the bottom laye^r 
from being lost, but the value and amount of grease in city sew- 
age is not so great as to make one lay great stress on this fact. 

It is much more important to keep the rest of the sludge as free 
from grease as possible, as it is then more suitable as a fertilizer 
and for fuel and can more I’eadily be rendered inoffensive by 
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decomposition The removal of gi’eaae is also of advantage in 
connection with iiiigation and final biological purification. 

The layer of grease in the Kiemer apparatus, containing an 
average of 72 per cent, moisture and about 45 per cent grease in 
the diied material, is placed in a peifoiated vessel for further 
diyiiig, and in small plants can be given directly to soap manu- 
facture! s, who are glad to get it If several places with such 
ai*i angements for obtaining the grease from sludge are located 
near each othei , the sludge can be delivered to a single plant for 
the furthei extraction of the giease withe tetra-chloride of car- 
bon. With cities of 45,000 inhabitants and upward an independ- 
ent plant for woiking over the sludge is warranted. 

^ thorough exti action of the grease should be aimed at for 
economical reasons, for, assuming that 16 1 lbs. (7.3 kg) per 
capita reaches the sewage each year, and that about 15,000,000 
people in Germany live in cities having sewers, about 121,000 
tons (110,000,000 kg ) of grease are lost annually 

c Various Other Methods of Disposal 

Aside fiom mixing sludge precipitated by lime with clay to 
make cement, or settled sludge with loam to bake into bricks 
(these methods havmg little economic value on account of the 
cheap price of good cement and brick, but being, neveitheless, 
emjDloyed to a considerable extent) we will here mention briefly 
methods for disposing of it without utilization. 

Sludge is fiequently used, after it has been dried, for fillmg m 
land, sometimes with the addition of slag or sand. The residue 
from grit chambeis is particularly adapted to this puipose, as it 
contains but little organic matter; and, in paiticular, septic 
sludge, as it has but little heatuig or fertilizing value, and is not 
subject to offensive decomposition. Very greasy sludge can 
often be used in this way only, as it is very difficult to diy. 

Depressions in the ground, abandoned sand or gravel pits, 
the dry beds of streams or shores of rivers (Elberfeld) are the 
best dumping grounds. 

This method of disposal is much used at Leipzig, where about 
163,000 cu. yds (125,000 cbm.) of wet sludge are annually dis- 
posed of in sludge beds of about 21 acres (8 5 hec.) By usmg 
an old stream bed lagoons are formed by earth embankments, 
into which the sludge is pumped to a depth of 15 ft. (4 5 m ). 
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A scum forniR on top which at. hiRt l^roakH, sinks, and th(‘ liquid 
lises to tho surface This gi'adually evapoiates, the slud^»:c' be- 
comes firmer and aftei lying lor some yeans is in i)ai t cai’tial olT, 

In the case of cities on tho coast the sludge can l)e carried 1o 
sea, as is done in many Knglish cities London, Manclu'ster, 
Houthainpton, Dublin and Cilasgow London, at Jhiiking, has 
the best nirangemcnt for this The sludge is tli(*r(‘ ])uniped into 
large sludge tanks, as its leinoval is sometinu's inteiruptivl by 
fog, and the water rising to tho top is draiiual otT. Six steam- 
ships having a capacity of 1300 cii yds (1000 cbm ) I'ach an^ 
used to cany the daily accumulation of about 7800 cu. ytls. 
(0000 cbm) of sludge to about /lO miles (80 km.) lieyond tlie 
mouth of tho Thames, wheie, in order that it may lie wash(*tl 
further out, it. is dumped shortly after low tide. 

In other cities vessels with a capacity of from 780 t.o 1300 
cu. yds (000 to 1000 cbm ) are used, but they do not have to go 
so tar out At Dublin the sludge is clumped l)ut 2.2 mill's 
(3 f) km ) fi'oin shoic 

Considered from a sanitary standpoint this method is free 
from objection as the sludge is at once rendered luinulcss, but 
its valualile constituents are lost and the cost of disposal is quitch 
large Including loading the vessels, interest and sinking finul 
charges, and harbor taxes, this amounts to. 

7 2 cts per ton ( 34 M per long ton), at Clasgow 

8 9 cts. iier ton (.42 M per long ton), at Dublin. 

10.0 cts. per ton ( 47 M. per long ton), at London ( Harking). 

12.3 cts per ton (.58 M. per long ton), at Manchc'ster. 

29.7 cts. per ton (1 40 M. per long ton), at Southampton, w hi're 
the removal is done by contract. 

Septic sludge is disposed of in a peculiar way at Columbus. 
During high wtitor it is discluiiged into tho Heioto River which 
passes the purification plant. The dilution is about 1:800. 
As it can only lie discharged at high stages of the river the sludger 
remains in tho tank through tho summer (about 8 months). 
As septic sludge is not offensive no objoetion can be made to 
this method so long as no deposits accumulate in shallow plaei's. 
It may be adopted near bodies of water in which there is no tide. 
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Considerations Regarding the Treatment and Utilization 
OF Sludge in the Choice op a Method op Clarification 

The requirements of the different methods for removing sludge 
from tanks and drying and utilizing it have already been con- 
sidered m the sepal ate foregoing chapters, as well as the advan- 
tages and disadvantages of these methods 

In order to utilize the pioduct profitably it is necessary m 
planning the work to give due consideration to the method of 
tieatment and its utihzation 

If it is appaient from what has been said heretofore that the 
processes for the treatment and utilization of sludge have been 
developed to such an extent that there is no necessity to i educe 
the degiee of purification through apprehension of a troublesome 
sludge burden, yet the mistakes that have been made due to an 
insufficient study of the sludge question and an undei estimate of 
its importance can geneially be rectified only by a large outlay 
for improving the mode of opeiation 
The composition of sludge has, up to this point, been accepted 
as something defimte. If it is not possible for an engineer design- 
ing a clarification plant to radically alter the character of the 
sludge, he can at least modify it to a ceitain extent in his choice 
of a method and m perfecting its details, especially those features 
which are of consequence in and materially facilitate subsequent 
treatment and utilization 

The necessary degree of clarification is, of coume, the funda- 
mental consideration to which the treatment of the sludge must 
defer But by measurement of the sludge the solution of the 
problem can be made easier, if a removal of the foul matter from 
the sewage be required up to the absolutely necessary degree, 
depending upon the composition of the water mto which it is 
discharged and special local conditions; for with the reduction of 
the quantity of sludge the difficulties of disposal will diminish as 
well os the expense, which is always a hinderance to a hygienically 
desirable and thorough purification. The more complete the 
purification the greater the amount of sludge deposited 

. Ill 
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After the experience of the past in the utilization of sludge, 
(and theie will be but few impoitant developments in the futiiio) 
no more foul matter will be separated from the sewage than is 
demanded for sanitary reasons, without attempting to further 
increase the volume of utilizable sludge, for it is certain that with 
city sewage no profit can be secui ed sufficient to cover the cost of 
the plant and furmsh additional i evenue. 

The amount of sludge to be looked for should not be under- 
estimated, and it is therefore advisable to assume the maximum 
values given. 

The effort of the designer should be to so arrange the methods 
and apparatus for removing sludge from tanks, for reducing the 
water content and foi utilization and so to select the inctluHl, 
that the sludge may be rendered harmless according to the 
demands of sanitation and at the least cost He should examine 
carefully into methods to see if something simpler will not lead to 
the same lesult, or whether a slight increase in cost may not be 
more than offset by the avoidance of some complicated process. 

It IS not possible without much repetition to mention here and 
describe further all the combinations which follow from con- 
siderations of the efficiency of clarification, of the coinposition of 
sewage and of special local conditions, such os available room, 
relation to populous distncts of the city, etc. Only a few im- 
portant points will therefore be emphasized 

The principal aim should be to obtain little sludge, or, what is 
the same thing, as the amount of dried material to be separated 
corresponds to the clarification effected, sludge with as little 
moisture os possible. The reason for this is stated in several 
places. 

If the degree of puiity required is high, this should bo obtained, 
not by reducing the velocity in the tanks, but by passing through 
contact beds or over irrigation fields. 

The construction of the tanks and the mechanical appliances 
for removing sludge during operation should be examined pri- 
marily with reference to the amount of water contained in the 
resulting sludge, and especially where little room is available for 
dr3mig beds and where the general conditions, as well as the daily 
volume of sludge, render de-watering by centrifugal machines 
impracticable, the disadvantages of removing sludge during 
interruption of operation should, in some cases, be accepted. 
Digestion of sludge in Emscher tanks may at times be an advan- 
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tage, especially in small installations, where there is a great saving 
111 labor, as the sludge need not be removed daily and this is 
easily done Still simpler is the treatment of sludge in septic 
tanks of ordinary construction, but other disadvantages, such as 
the necessity of subsequent cleaning, as well as the storing up of 
great masses of decomposing matter m the neighborhood of 
inhabited dwelhngs, etc , often stand in the way of their use 

Sludge should be obtained in such a condition that it is suitable 
for diying and subsequent utilization, as well as for removal 
from the tanks. For this reason it is necessary to free it from 
grease and cellulose This is best accomplished, especially with 
greasy sewage, by the separation of these substances from the 
sewage There is economy m lecovenng the grease from settled 
greasy sludge The prehminary separation of the grease is 
especially desirable in the case of contact beds, sand filters and 
irrigation fields. 

As to drying, which proceeds more rapidly after decomposition 
and the extraction of grease in the open, the use of remote sludge- 
drying beds IS often to be recommended. 

With artificial methods of drying, centrifugal machines seem 
open to much improvement. Here it is a question of reducing 
the cost of the apparatus for drying by simplifying the centri- 
fugal machine, of which perhaps the one constructed on the prin- 
ciple of a cream separator might be improved. 

De-watermg by filter-presses need be considered only in 
special cases, as, on the one hand, sludge without the admixture 
of other material is not adapted to this tieatment, and on the 
other, it is not economical to add this merely to secure a sludge 
capable of pressing, especially as the volume of the sludge is 
thereby increased. 

Many experiments have been made in the utilization of sludge 
and many processes have never passed beyond the experimental 
stage, so that it is as yet impossible to judge of them. The 
author has gone into these experiments with care, as it is only 
from them that opimons can be drawn as to any possible develop- 
ments that may reasonably be Ipoked for from the active interest 
taken in the matter. 

From a sanitary standpoint the goal to be aimed at is the 
quickest possible removal of the sludge and rendering it harmless 
and this is likewise true regarding its disposal and drying As 
this is not possible without expense, economy demands the 
8 
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complete utilization of the valuable lualerials in Mie slml^i'jo 
reduce the cost of treatment, or at least tlie (‘xpenst* oi reiahu 
it harmless 

If the first case seldom occurs, as vshowii in C'haphM \\ tluMH* 
is a saving m giving the sludge away to fainu'ih wlio an^i billing 
to take it. Using sludge as a tortihzer is the l)(\st way t.o utiliZ(‘ 
the valuable ingredients, which are constaiilly incrc'ased in 
amount by the general extension of sewerage* 'I'Ih' mlrogcMi in 
particulai is conseived, for the production of \Nluch new soun‘e,s 
and piocesses are being constantly sought, while bv burning 
this is lost The extraction of grease* is ahvays of advantage 
when used for agricultural purposes 

Irrigation simplifies the tieatinent of sludge. 1 1 sliouhl, t In‘rt‘- 
fore, always be employed wheio the eoiiditioiis rimdiT it jiossihlt*. 
It answers the same purpose wuth r<*sp(*ct to the ulili/iution and 
rendering inoffensive of the impui’o mat.iM'ial as iloos irrigation 
with sewage, which is the host method as to its leniova! ami 
utilization. 

Incineration as well as the pnaluction of gas — w'hieli latt(*r 
process can and will l)c improved — an* the methods of ulili/ation 
indicated where clarification is brought aliout by tin* atldition 
of coal or peat. 

The addition of coal to ordinary sludge to facilitate ciiin- 
bustion seems advisable in a few’' cases only, but mixing with 
house sweepings for the same puipose is bo (‘<inmn*mieil; 
only, however, in case the sludge cannot be disposed of in H<mio 
cheaper and simpler way. 

Particular emphasis should be laid on the greatest simplicity in 
the method of utilizing sludge. 

Extracting grease, according to the present status of ineUiods 
employed, can only be done with economy where this is done 
by itself in connection with particularly greasy sludge. 

A brief summary of the principal processes in tlieir relation 
to the treatment and utilization of sludge is given here. No 
consideration is given to their various advantages or disadvan- 
tages, as has been done generally in this treatise. 

The points considered are. 

a. Composition and amount of sludge, 

b. Methods of removing sludge, 

c. Adaptability of sludge to drying, 

d. Possibility of the utilization of sludge. 
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In thus 1^1 lof hpnco tho viuinus modificatioiiH of method, which 
aie voiy ^loat m sodinKMitiitiou pmccsyes, cannot be treated 
Tlic icadei is letoii’cd to Chapters III and I^^ 

1 (lilt Cham])oi.s 

a »Sniall amount, composition and moistuie contained, de- 
pendent on dcriign and operation, in genoial favoiablc 

I) Iloinoval of sludge, with and \vithout mteri uption, without 
Joul odors. 

e Special ai rangements for de-walering unnecessary 
d Very little value, chiefly for filling land. 

2 Mesh and liar scieeus 

a »SmalI amount and little moisture. Putrescible 
b Siin])le separation in fiesh condition, 
c Special anangemeiits foi de-wateimg unnccessaiy 
d Good sale as a eompaiativel}'' valuable feitilizer. 

3 Sedimenti\tion m Tanks and Wells 

a Laigc volume and much luoistuie, especially with wells and 
1 anks where removal o(‘cui s dm mg opei ation Very putrescible 
1). Removal of Hlutlge favoiable oi unfavorable, accoidmg to 
the special const luction In tanks, usually with intei i uptioii of 
operation and foul odors, in wells more favorable but with laiger 
volumes 

c. Laige plant for diying nocessaiy, as sludge is not always of 
favorable character. Foul odors only avoided by mechanical 
appaiatus. 

d Useful as a feitilizer, but less so than from screens and less 
leaflily disposed of on account of the laige volume 
4. (Chemical Precipitation 

a. Very huge volume Not very putrescible 
1). As in the etuse of 3b, but with less odor 

c De-watering piaetieulile, also in filter-prcsbes , little nuisance 
fium odors 

d. Of very little use 
5 Lignite proci^ss. 

a Very large volume uith much moisture. Not putrescible. 

b. Removal during bpei ation without foul odors 

c Dc-wat(U‘ing m filter-press(‘s oi* ni the air quickly and with- 
out odoi* 

d. May ho utilized by burning or conversion into gas 
6. Septic tank process 

a. Small volume. Little moisture. Non-putrescible. 
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b Little nuisance from odor, depeiulin^i; upon tlu' method of 
removal. Interiuption of operation 
c Favorable consistency for diym^i; 

d Slight utility, as caloiific and fertilizing values are j’etluecaL 
7. Emschei Tanks, 
a As with 6 a 

b Removal during operation without foul odors 

c. As with 6c. 

d. As with 6d. 

8 Kremer Apparatus. 

a As with 3a, but more favorable composition due to tlu» 
exti action of grease 

b Removal during operation, when sludge with h'ss moisture^ 
than with 3b is obtained, on account of the absenee of gi‘t‘aH(\ 
c For the same reason, favorable consistency for de-wat(*ring. 
d. Gieasy sludge favorable for the extraction of grease; 
sludge at the bottom, on account of little grease, more favorable 
for fertilizer than ordinary settled sludge 

Biological treatment, intermittent filtration and irrigation 
are omitted, as they have been in the entire treatise, because 
sludge here plays an unimportant r61e and its treatment dept'iids 
entiiely upon local conditions and the method of optM’aiion. 

Concluding Rbmakkb 

There are many methods for the treatment and utilization of 
sludge and it would be a mistake to set up any one method ns 
best, for each has its advantages and each its faults, and tlu'so 
have weights varying with the local conditions. Certain cluirac- 
teristics and arrangements may prove of great disadvantage in a 
large city while well adapted to a small town, and vice verm. 

The choice must be made to suit the local conditioiis and in any 
given case these must make necessary corresponding modifica- 
tions of plan. 

If this is not observed we have the case so often met with of a 
method adapted to one place and working admirably, failing 
entirely at another. The blame is then usually laid— and partly 
with reason to an overestimation of the special invention; for it 
is frequently observed that mventions otherwise useful and the 
lesults of experiment lose their value by being generalized, and 
naturally are not carried out under the same conditions. 
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The best solution of the sludge question can only be found by 
study of the individual case, and firmer foundations laid by 
furthei experiment and the practical application of the various 
methods 

A sanitary and economical treatment and utilization of sludge 
18 of importance for each plant, and one can but agree with 
Metzger when he concludes his report on this question at the 
International Congress for Hygiene and Demography at Berlin 
in 1907 with the sentence ^'The treatment and utilization of 
sludge are of such gi’eat importance that no plant should be 
completed until all the questions of subsequent treatment have 
been finally answered and settled by avoiding the conditions 
known in prmciple to be evil.^' 
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The Sludge Question , — The difficulties encountered to-day in 
treating sludge he less in the methods employed than in the 
characteristics of the sludge The liquid masses of sludge 
obtained from sewage can neither be utilized nor left at the plant, 
and, as a inile, cannot be removed without great cost. 

In England, where the question of sewage purification was 
first considered on a large scale, on account of the small volumes 
of water available into which it could be discharged, and where 
every large city has its disposal plant, the sludge question has 
l^ecome most urgent. The editor of The Surveyor has recently 
said.^ 

'The solution of the sludge problem is the most pressing 
ciuestion of the day and a little practical assistance in this direc- 
tion from our scientists would be of much greater value than 
all the learned dissertations on theories and doctrmes with which 
■we have been favored m recent years.” 

The well-known authority, Barwise, has expressed a similar 
opinion * 

That the importance of these questions has been recognized 
in Germany for some time was shown by the reports presented 
at the Fourteenth International Congress of Hygiene and Demog- 
raphy, held in Berlm, City Engineer Metzger (Bromberg) said 
■there:® 

'The many attempts to purify city sewage in the past, with 
-the great activity that has been shown in relation thereto, 
would have led to better results if the resulting sludge were not 
fh troublesome accompaniment, interfering with any satisfactory 
solution . In most towns the removal of sludge was 
fb bMe noiVy and many plants would have produced a more favor- 

1 TAfl Surveyor^ 1909, No 880, p 27 

^ Sydney Barwiee, Med Officer of Health. The Sanxtary iiecord, 1909, p. 122. 

« Qea Inff , 1008, No. 4, p 5(^53 
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ijjle iinpresHion if il had not )>(‘on foi llu* iiiouiilainh of doliilns 
It was realized at last that all attempts to utiliz(‘ sludge had 
led to uiisatisfactoiy lesults 

‘‘The leinoval and utilization ol slud^ie is ol sueh impoitanei* 
that no i^laiit should be completed until *ill (|U(\stions (jf handlinf; 
sludge while avoiding the known nuisauec's ai (‘ Imallv d(‘eul(‘d ” 
The principal tioiilile lies in the large* amount ol ua((‘i, whieh 
IS so difheiilt to icinove Attoi it luus Ixh'Ii remo\(*d liom I he* 
plant the sludge contains at least 70 pei e(‘nt , iisuall\ !)() to Oo 
per cent, and oecasinnally 00 per cent- of moislure and is a 
liquid mass Every munipulatiou oi tin* mati*iial, v\lu*tliei 
with the view of utilization, storage or lenioval, is ri'iuhned mo it* 
difficult and expensive by this ballast of water. 
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CHAITER I 


Necessity of Drying 

UtihzaUon — Tlie value of sludge lies in the organic materia 
contained in it Ileretoforc this has been used as a feitilizer, 
roimvGiing tlie contained grease or by converting its calorifii 
value into heat 

Fertilizing Value — Its employment as a fertilizer has beer 
most widespread. In small plants in an agricultuial region the 
sludge can bo disposed of and it is often possible to secuie a smal 
revenue tlicrefiom, especially where the soil is dry and sandy 
In large cities the fanners will seldom take the sludge when it i£ 
wet. They usually demand a spadable pi oduct 

The following example shows what difficulties were encoun- 
tered in disposing of wet sludge even a few yeais ago 

The (Jity of Edinburgh,^ Scotland, in the year 1892, sent 1521 
circulars to fariuei’s in tlio neighborhood asking for proposak 
to take 58,100 tons (51,900 long tons) — i.e., the accuniulatioi] 
of a half year. 

Only 47 bids were received and all with the condition that the 
city pay foi transportation, some oven demanding a bonus foi 
each ton removed. 

Other large cities without suitable land for irrigation fields 
have had a siniilai* expel leuce. The farmers either refused tc 
take the wet Hliidge or demanded compensation. 

Dried sludge is more suitable for use as a fertilizer, but the cost 
is usually greater than the amount received. There are, to be 
sure, some exceptions. In Kingston-on-the-Thames^ (ncai 
London), sludge obtained by the A. B. 0 process (alum, blood, 
coal) and then dried by heat, was sold as '^Native Guano foi 
about $15 10 per ton (70 M. per 1000 kg.), a price strangely in 
contrast to all other results 

^ d 0 r BauvtarwaUwig^ 1802, No 22, p 240 

^ D^ui^laB, SanxJUxry Vol. XL, No 07 J, p. 424. 

' ' ^ . 123 
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Charlottenburg^, where an annual amount of about 23,030 
eu. yds (18,070 cbm ) of spadable sludge is obtained at the irriga- 
tion fields at Gatow, receives but 5 3 cts pei cubic yaid (30 ptg. 
per cbm ). More than 9.1 cts per cubic yaid (50 pfg. per cl:)m.) 
IS seldom paid and this, usually, only during the first years of 
operation As soon as the farmers realize that the sludge must 
be disposed of they will offer nothing, and sometimes even 
demand compensation 

At Frankfort-on-the-Main the greatest difficulty was expiM'i- 
enced merely to get nd of the spadable sludge The large con- 
sumers demanded pay for cai*tage and the furnishing of labor for 
loadmg and unloading. 

At CasseP sludge composted with sweepings is given away. 

At Leipzig,® also, where sludge is obtained by precipitation 
with non salts and is comparatively cheap to dry, and wli(‘rc 5 
12 cts (50 pfg ) per load is received, or, from the lessees of the 
city, 6 cts. (25 pfg ) [where they do their own loading, 0 cts. 
(25 pfg ) less] there have been paid for the cartage of dried sludge 
from its places of deposit and received therefor.^ 


Year 

Paid for cartage 

Received for Hliidgo and 

SCI Gonings 

$ 

M 

$ 

M 

1905 

5,509 51 

23,149 22 

26 70 

112 20 

1906 

7,373 75 

30,982 16 

70.87 

323 00 

1907 

7,308 64 

30,708 66 

81 40 

312 00 


As the expense of cartage from the drying beds represents only 
a poition of the costs chargeable to sludge — there being, in 
addition, the establishment and maintenance of the drying bods, 
erecting a structure for loading, which appears in tho budget for 
the year 1905, $2,483.68 (10,435.64 M.), besides interest and 


^ Geh Med -rat Prof Dr Salomon, Dio sitiLdtlfiGho Abw&sHorbQBoitiKunir in, Dout^^ohlund 
Vol II, p 180 

® Stadtbaurat Hepfnor and Dr Paubnann, Dio Sohmulsswaaflerroinlnsniigaanlaiiea dor 
Stadt Kaaaal Vierteljahrsachnft fUr genclUl Medxzxn und dferUhehea SanttdiaviPHcn. 
1900 

® Inspooted Deo 7, 1908 
* Official report of the city of Leipadg 
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sinking fund charges — this example shows how little we can count 
on a piofit from the fei-tilizing value of sludge. 

One of the principal difficulties in the use of sludge for f aiming 
purposes is the fact that fertilizeis are usually used only during 
the wintei months. As soon as it became possible to produce 
from the sludge a firm fertilizei the feasibility of its transporta- 
tion was increased The city of Frankfort-on-the-Main has 
made experiments in this direction, and manufactured poudrette 
in order to ascertam the cost of the piocess. Drying was neces- 
sary for this also. It was found, however, that even when it 
could be sold at market prices the excess m cost of manufactuie 
amounted to $71,400 (300,000 M ) per annum 

The farmers object to usmg fresh sludge on their fields con- 
stantly because of the nuisances which arise therefrom Some- 
times it causes vermin to appear, it frequently biings the seeds 
of weeds and always much grease and cellulose. The latter 
makes the soil slimy, as has often been pi oven. ^ Effoi-ts were 
then made to separate and destroy these mateiials, or at least to 
utilize them, especially the grease. 

Utilization of Grease . — Sludge contains grease in varying 
amounts. It comes in sewage from wash water and other 
domestic refuse, from slaughter houses and from soap suds, and 
hence is found in the sludge. Based upon the dried mateiial 
there was found in Ltittich^ 18 per cent., in Cossel® 15 per cent , in 
Frankforf^ 16 71 per cent. In Harburg® 14 2 per cent, in raw 
sludge and 8 5 per cent, in centrifuged sludge ® 

No use has as yet been discovered for the grease obtained from 
sludge The large amount of water contained renders it too 
costly. The experiment at Cassel is well known At a cost of 
$47,600 (200,000 M ) a reduction plant was built where grease 
was recovered by the use of benzine after most of the water had 
been removed by filter presses, and the residue was used as a 


^ Dr L Haaok, Berlin Verwertung und Boseitigung dea Kl&rsolilaminQs aus den 
llelniguiigHanlngou stfLdtiaohor Abw^er Qoaundheitsmgeiueur. 1908, p 63 

^ Dr Lncomble, Lo Bont des raatiereB graBsee, etc Revue de Phygieno et de police aani- 
tidre 28 No 10 

^ Stndbbaurat Hdpfuor and Dr Faulmann, Mitteilungen aua der Kgl Frafungsanatadt fur 
Waaaervera orgung und Abwflflflerboaaitigung zu Berlin Fub. by Aug Hlrachwald. Vol I 
* Dr BtMhold and Dr Voss, Zur Fettgewinnung aus Abwaasom Zeitsohr f angew 
Oheinio, 1908, p 1818 

® Rngiorungsbaumeiater Reiohle and Frof Dr Thieaing Versuche mit dem Sohlaram- 
sohlouder apparat Sohafer-ter Moer Mittoilung a. d Kgl Fruf Anat f Wasaervers, 
uflw Vol X, p 100 
® Ditto, p 164. 
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fertilizer From 05 cu yds. (50 el)m ) of Avot 0 1/2 v\\ 

(5 cbm.) of dry slud«:e was ovpecled, tioin which KioO lbs (750 
kg) of ciude gioase and 10,730 lbs, (4SiS5 kg ) l(* •* r(iliziiig sludge 
was looked for The latter Avas estimated at 1/2 els. |u*r 
100 lbs (3 M per 100 kg ) to be wortJi *34 SS (1 10 55 M.) From 
the ciude grease 900 lbs (450 kg.) refined giease was it‘aliziMk 
A\4iich was estimated, at $4 S7 piM* 100 lbs (15 M per JOO kg ) to 
be woith*4S 20 (202 50 M ), and 405 lbs (225 kg ) of tarr.A i(‘si<liii‘ 
wdnch Avas estimated at 41 0 cts per 100 llis (2 M per 100 kg.). 

The total lOA'^emie fioin It5 cu. yds. (50 clmi ) AV(‘t sludge* wns 
theiefoie estimated at ISS 14 (353.55 M) In spilt* of tins 
the expenses Aveie greater tlian tlio jvctdpts, and tin* plaiil was 
abandoned and taken dowai One reason for tlu* iailurt*, a.sidt* 
fiom.the high cost of drying, Avas lJuit the grease ol4ain(‘tl was 
not marketalile, on account of its disagie<‘able tidor. 

At Fiankfoiii Bechold and Vo.ss Jia\"e niadt' a very tliorough 
study of the question of grease i('(*ov’'ery, aceoiniiuiiied by many 
experiments Tliey avoid t'xpensive drying and (*\irac1 tin* 
grease from the Avet sludge Avith benzine aflc‘r Irealing Avilh acitl 
and heating to 140° to 158° F. (00° oi 70° C ) .\sid<‘ from tin* (‘\- 

periinental plant, wdiich is said to Jiave gntm gontl results, the 
method has not as yet been introduced 

Experiments au* also now b(*ing made by Dr. Cliossnumn at 
Oldham, near Manchestei, to demonstrait* liie i»racticabilily of 
his method of rccoA^ering greast* from sludgt* liy ilistillation wn'lh 
steam. The method of Dr. (irosse-liohh* (Ftilognt*)^ liy which 
sludge was heated to 122° F (50° (’ ) to obtain the grease from 
the resulting scum has not yet b(*en successful on a largt* scah*. 

If a substance contains 15 iier cent, of gr(*aH(', as is tlie case 
wuth the dried matter in fr(*sh sJmIge, as sliow'n by tin* analyst's 
already given, the possiliility of u profit is ussuretl. As sludge 
contains from 90 to 95 per cent of AViitt*r, however, thest* llgures, 
based on the wet niateilal as delivert^tl, will be matt'rlally ile- 
creased 15 per cent, of grease in tin* di’ied material is only 1 3 
per cent in the sludge 90 per cent, moistiu’e, and 8.5 per (‘oid. 
(centrifuge sludge from Ilarlnirg*) is only 2.34 per eent. in sludgt* 
with 72.5 per cent, moisture. The watei* is here again tlie grt*ai 
stumbling block to utilization Tlie pros]KU't of utilizing tlm 

* Hofrat Dr Friedrich. Kulurtdrhumtfher W^OHSisrbnu 2iid Kd Vol 11, p. iS2 

•* Inspeotod May 9, 1008, Hoo alw) Dr lujj Bruno Heine, Dan Kuit^HatlonHWorh j|ep 
Stadt Ctopeniok OeHundhoit, 1909. No 19, 2.1 
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g]ease contained would be greatly increased by some cheap 
method of diying 

Utilizing the Calorific Value of Sludge — The drying of sludge 
IS absolutely necessary to obtam its calorific value Two 
methods of doing this have been attempted by direct com- 
bustion and by conversion into gas 81udge without some 
addition is seldom comlnisti]:)le, even when thoroughly diied 
Experiments made and the plants coiistimcted so fai deal ex- 
clusively with mixtures with dust oi else sludge piecipitated 
with combustible matciial (coal or peat) At Copenick^ and 
Potsdam^ lignite sludge obtained by Degener's method (ground 
lignite and sulphate of alumina were thoroughly mixed with the 
sewage to be clarified) was used In Ct)penick the pielimmary 
drying is accomplished in sludge tanks, the next step takes place 
under a largo shed after removal and it is finally diied out at the 
feed openings of incinei’atois The heat genei ated is transformed 
into electricity liy steam power In Potsdam the sewage is 
clarified in towcis (Rothe-Degener piocess) and the precipitated 
sludge is diied in filtei -presses, made into briquettes and m pai’t 
sold as fuel and in pait used in the generation of electiicity as at 
Copenick In both cases coal is added to the sludge 

Efforts to obtain the calorific value fiom silch lignite sludge 
have frequently been made, e,g , by Heine^ in the central office 
of the General Electric Co , at Berlin, and by Schiiry and Bujard"* 
(peat clarified sludge) which have furnished good results* 
Gohring,® as w^’cll as Reichle and Dost,® have published ex- 
pel iments on the conversion of sludge into gas Other expcii- 
ments of the kmd have been made at Manchester No attempts 
to mtroduce this process on a largo scale have been made ® 

’ Trlom 

•' IriHpc?tctod May 8, 1008, and Nov 28, 1008 

“Dipl-Ing Bruiiu Hume, Nobor dio Erzeugung eleotriwcher Enorgie mit Hilfe ^oll 
KanaliBaiioiiukltirHohlunim DinHortation Tbch Hoolwchulu, Borliii 

UogioruiigHbaumuiflter Suhury mid Dr Bujard, TorlbroiklUrvorduch dor Stndt Stilt 1- 
giirt in dor Kohlcbrcl kltininlugo zu Tegei Mittoilungon a d Kgl Prfif -Aunt f Woh- 
^4orvorH UHW Vol VIII, p 1 l.l 

“ 0. F G&Iiring Bcitrtigo zur liouiiguiig \oii stadtuohoni und Fabnkabwaajdor Leipzig, 
1001 

RcgieningHbuumoiHtur lloiohlu und Dr DoHt Uuber hohlummverwertung duroh 
VorgUHUiLg, iiiHbc^ondoro helm Rotho-Dogtinernohon Kohlhroivorfahron Mittoilung a d 
Kgl Priif f WtiwHorvorH u AbwAsBorboH, Vol VIII, p 1*40 

’ Baural Brodtj^olinoidur und Dr llmiiiin Dio AbwaflNurreiniguiig in England Mit- 
teiluug a d. Kgl f WoHserv uaw Vol III, p 93 

® AufBftU© ubor Schlaminverbrennung und VergoBung mehe R Frank, Vorgnauiig von 
Abwafiserklfiraoblanim Ctea* Ing, 1007, p 405, and Kuschmleder, Tech Gem 1005, No 
19 
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Sludge IS mixed with sw^eepings and burned in several places, 
as at Bury,^ where the sludge dried by filter presses is mixed 
with street sweepings in the proportion of 1 .2 and burned in 
Horsfall furnaces This is also done at Hyde.^ A large plant 
of this kmd has recently b^en put up at Frankfort, but the proc- 
ess does not appear to be economical An annual deficit in 
operating expenses of $17,612 (74,000 M ) was expected at the 
outset^ as compared with the former mmimum outlay for sludge 
disposal, $6545 (27,500 M ) The burning of sludge has also 
been planned at Pforzheim ^ 

The advantages of this method are undeniable One is no 
more dependent on the good will of the former The disposal 
of the sludge is assured and the nuisance overcome No other 
method is so sanitary. Its general use is, however, prevented 
by the cost of drymg. Here, more than with other methods, 
it IS clear that the sludge question is essentially a question of 
drying. 

Removal. Dumping at Sea . — ^As long as drying is so expensive, 
the burning of sludge may be classed with those methods of 
disposal in which no profit can be expected, and of these, it is 
the most costly. According to the Royal Commission on 
Sewage Disposal® the cost of drying and burning is estimated 
at 35 7 cts. (1.50 M ) for one long ton (1015 kg ) of wet sludge, 
while carrjnng it to sea costs but about 3.6 cts (0.15 M ) when 
the distance is not too great. These methods are in use in 
London (Barking and Crossness®), at Manchester^ and at Salford,® 
and are proposed for several other places, e g.j Belfast Cities 
not situated directly on the sea can use this method (those 
directly on the shore discharge their sewage untreated into the 
water, as at Copenhagen) provided there is some direct waterway 
to the sea and that the distance is not too great, otherwise the 

^ Dr Ing Schiele Abw&eaerbeseitigiiiig von Gewerben, etc. Mitteilimgen a. d. 
KgL Pr^ -Anstw f Waaserv usw. VoL XI, p 172 

» Idem, Vol XI, p 781 

^Stadtrat Kalle und Stadtbaoinspeotor Uhlfelder Denkschrift fiber den Ban emer 
Mullverbrennungsanetalt mr TT Tnw’hMKffbmftffhnng der Hausabf&lle und dee Xl&rbeokoa- 
schlammes m Frankfort a. M . p 25 

* Stadtbaumcaster Herzberger und Dipl >Ing Morave Projekt eoner M-Ollyerbreniiung'- 
aanstalt mit KlaTMTiUrnTn-tawTcnTing for die Stadt Pforzheun Gas.-Iiig, 1907, No, 40, p 
610 

^ Royal Comznuaion on Serwage DupoaaL 5th Rep. London, 1908 Wyman and Sons, 
Ltd. 

* Inspected May, 1907 

7 Inspected Bept. 14, 1900 

* Inspected Sept. 14, 1909. 
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charges for transportation are excessive At London the dis- 
tance 13 about 62 miles (100 km), at Manchester and Salfoid 
50 miles (80 km ) London has a whole fleet of sludge steamers, 
each of which holds 1120 tons (1000 long tons) and costa $142,800 
(600,000 M ), besides large iron tanks wheie the sludge is stored 
until the arrival of the steamer Manchester and Salfoid have 
each one steamer Three trips a week are made on an average. 
A 670 ton (600 long ton) steamer cost $57,120 (240,000 M) m 
1895 for Salford. Removal there coats about 17 cts per ton 
[80 pfg. per long ton (1015 kg)] of wet sludge, in Manchestei, 
in 1902-3, 16 6 cts per ton (78 pfg per long ton) ‘ 

Influence of Drying on the Cost of Removal — The following 
considerations show how the removal of water i educes the 
cost of every method of disposal where there is a question of 
tiansportation if 95 per cent is reduced to 90 per cent, there 
will be 9 parts of water to 1 pai*t of dried matter, where before 
there weie 19 There is, then, only 1/2 the oiiginal quantity 
to dispose of, with SO iicr cent, 1/4, with 70 per cent, 1/6, 
with 60 per cent , 1/8; and with 50 per cent , 1/10. As fresh 
sludge with 70 per cent , and septic sludge with 60 per cent, 
moisture, has attained a consistency where it can be handled, 
like damp eai-tli, and can be carried in any kind of wagon, dr3dng 
to this point has a great advantage 

Placing on Land . — Drying is usually necessaiy when land 
instead of the sea is used as a dumping ground, partly on account 
of the smaller cost for transpoiiiation, which is much gi eater by 
land than by sea, partly to avoid the foul odors from the piled 
up sludge Wet sludge, especially from sedimentation tanks, 
emits a very foul smell after a short time, which can be recog- 
nized for a Jong distance By drying until it can be spaded 
this difl&culty is overcome 

This is done at Hanover® after de-wateiing^^by a centrifugal 
machine 

The drying of sludge is necessaiy to reduce the cost of tians- 
portation and to obtain its calorific value. It frequently lenders 
it available as a fertilizer. All nuisances and costs occasioned 
by sludge would be reduced to a minimum if a dry product 
could be obtained. In the main, therefore, the sludge question 

Afihtoa (Manchester) Dlaponal and Utilization of Sowago Sludge. Surveyort 
1904, p 320. 

“ Inepeoted Nov. 18, 1907, May 6, 1908, and Nov, 21, 1908. 

9 



130 SEWAdK SLUDdE 

IS a tiuc'stion of drying Sliidgo, Iiowovcm , luis a gioiit avcM’sinn 
to drying 

Methods op Duyinu Dippeuent Kinds op HLun(jE 

Clatisificaiion of ifrlhodfi, — DilToivnl, nicLliods ol (‘lurilicnl ion 
produce different kinds of sludge Tlieso show \ery dillereiit 
cluircaeteristiea, cspocnilly in the matter of diying 

Mcehamcal methods of claiifymg can lie di\ided into *‘lresh 
methods” and '‘septic inetliods,” as n'gartls lh(‘ linal coiulilmn 
of water and sludge In the first, initrefaction is pM*v(‘nl(‘(l in 
order to keep the sewage fresh, in tlie second il is proinoti*d to 
digest the sludge Between the two is th(‘ ICmseluM’ nudhod, 
or similar ones, where tlu^ sewagci is kept fresh, but tJie sludgi' 
is subjected to thorough decomiiositioii. 



CHAPTER II 


Diuing of Fresh Sludge 

Soince — Arrangements used in the fresh methods (sedimenta- 
tion and piecipitation) aie m general a wdening of the cross- 
section of the channel, by which the current is retarded. Mater- 
ial which is capable of settling is thus given the opportunity 
These arrangements aie in the foim of tanks (horizontal move- 
ment of the watei), or wells or towers (vertical movement) 
The water, as a nile, takes from 1 to 4 hours to pass through. 
Sludge which settles on account of its weight (plam sedimenta- 
tion) or whose separation is increased or facilitated by the addi- 
tion of chemicals to the sewage, causing the flacculent matter 
to settle (precipitation method) is removed before it putrefies. 
Tanks for this purpose are usually entirely emptied Wells 
and towers aie frequently so arranged that the sludge can be 
lemoved under water by pumps or vacuum receivers without 
interruption of opei'ation, 

Charactenstics of Fresh Sludge , — ^Fresh sludge is marked by 
the great amount of water contained. This is 90 to 95 per cent, 
on an average, according to data given by Bredtschneider and 
Thumm,^ Imhoff,^ Dunbar,® and von Schiele.^ Repoits on the 
examination of sludge from different plants confirm these figures. 
Thus in Cologne G rosso- Bohle*^ found between 91 34 per cent, 
and 95.57 per cent , and Tillmans® found at Fiankfort-on-the- 
Main an average of 91 07 per cent. I have never found less 
than 90 per cent , liut often more— up to 96 per cent Honig^ 
found in Brilnn the surprising amount of 99 per cent 

^ Die Abwasaerreiuiguiig in England Mitteilungen a. d Kgl Prfif -Anat. f Wasserv 
UflW, Vol III 

“ Roglerungsbaunieiater Dr Ing Imhoff Die biologiHche Abwasaerreinigung in 
Deuiaohlatid Mitteil a d Pruf Anst f Waaserv uhw, Vol VII 

» Iveitfaden fOr die AbwasuorreinigungHfrago. 

■* Abwajsflorbesoitlgung von Geworbon, oto Mitteilungen a. d Kgl Pruf -Anst f Waa- 
serv uflw, Vol XIII. 

^ Die ProbeklSrunglago au Kfiln-NiehL Mitteilungen a d Kgl Praf.-Aiiat f Wasserv 
iw, Vol IV 

® Die Klftranlage in Frankfurt a. M Waasar und Abwasser, Vol I, p 320 

’ Gewinnung und Verwertung von Stfidtisobera Kl&raohlamm Gea Ing , 1910 Nos. 1 
and 2 
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On account of this laige amount of water, fresh sludge from 
city sewage is a veiy liquid material It can be concentiated 
after standing several days, when roily water appears at the 
sui-face, but it is seldom possible to reduce the moisture much 
below 90 per cent More than half of the 5 per cent to 10 per 
cent, dried substance consists of oiganic matter. This decom- 
poses very readily, giving a cliaractenstic indefinable pene- 
trating odor The nuisances arising fiom this odor prevent the 
storing and further treatment at the plant, when the neighbor- 
hood has become built up Disposal plants have theiefore been 
placed at a great distance from the soui'ce of the sewage, and 
where for any reason this has not been done, the inhabitants 
have raised much objection. In Braunschweig,^ e g , the opera- 
tion of a plant where fresh sludge was produced, and where it 
was to be dried, had to be abandoned Since then the sewage 
has been spread on irrigation fields. 

At Frankfort-on-the-Main^ the odors were overcome by 
sprajdng with tarry, floating oils (facilol and Belloform) and 
also covering the surface with peat. 

At other places, eg /m Remscheid,® Langensalza and Aschers- 
leben* (wells of the Mairich system) attempts have been made 
to reduce the odor by placing the sludge beds on hills and pump- 
ing the sludge up at a great cost The odor was thus dispelled 
by the wind. 

Quantities of Fresh Sludge . — The unpleasant features con- 
nected with sludge are so much felt because of the large quan- 
tities which accumulate. According to Imhoff,® 0 32 gallons 
(1 2 liters) of sludge with 95 per cent, moisture per inhabitant 
per day accumulate in plants of large cities where the sedimen- 
tation process is used For a city ot 100,000 inhabitants this 
gives an annual amount of 56,000 cu. yds (43,000 cbm.) of 
sludge which must be cared for. 

Drying — ^As shown above, since dr^dng reduces the volume, 
it is almost always a necessary preliminary m caring for sludge. 
Fresh sludge is obstinately opposed to drying The main diffi- 
culty lies in overcoming the attraction of the coUoidal substances 
for water. These are present in the form of hydrosols as well as 

^ Salomon. Die atadUsdie AhwaaBerbeReatisuns in Deutschland, Vol n, p 21 

^ Inspected Dec 7. 1K)S 

’ Inspected Aug. 27, 1908 

* Inspected Dec 4.1908 

* L 0 , p. 4a 
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hydrogels According to van Bemmelen^ the gels are mem- 
branes formed by precipitation which form a network of amor- 
phous connected parts which are swelled up by the liquid ab- 
sorbed. The structure of such ^^micells” is described by von 
Biitschli^ as honeycombed. The hypothesis of a greatly en- 
larged surface would best explain the peculiarly stubborn reten- 
tion of water in fiesh sludge 

Drying %n the air in Sedimentation Tanks — Difficulties attend- 
ing the drying of sludge and the great expectations entertained 
have rendeied the development of different methods most 
timely. 

The most primitive method — ^that of letting it lie in the tanks 
out of use in intermittent operation has been tiied at the Konigs- 
berg® irrigation fields, where the foul odors fiom decomposition 
could do no harm Two settlmg tanks used for preliminary 
clarification for irrigation, which were filled alternately with 
sludge, were used there as drying basins, as the f aimers refused 
to take the wet sludge, even when it was given them. This 
method was soon seen to be unsuccessful. As was to be expected, 
the sludge did not become spadable when wanted, so that con- 
siderable cost was entailed for removing the wet material. 

The same method of drying, however, has been in use for years 
at Copenick,^ near Berlin Sludge procured by precipitation 
with large amounts of lignite and an addition of aluminum sul- 
phate is not to be compared with ordinary settled sludge m its 
physical attributes 

In Special Tanks — ^At other places, formerly at Braunschweig, 
Cassel, Frankfort and still in Wimbledon and Huddersfield,® 
England, Essen, Remscheid and Elberfeld-Barmen, and recently 
in different English plants, Birmingham, e g , special tanks are 
used, partly with paved or masonry sides, partly with simple 
earth embankments This plan was abandoned at Cassel, be- 
cause the sludge would not become firm, m Braimschweig® 
because of the bad odors. Dunbar writes about Wimbledon 

» Dr Victor PfischJ. Einfahrung in die KoUoidsoheinie, Dresden 1008 Von BemmoUen. 
Dio Absorption, Bildung und Struktur des Gels, ZeitsoHnft f anorg Chemie, Vol XVIII 

^ Batsohli XJntersuohungen ubor Mikroskopisohe Solifl,uine und das Protoplasma. 
Loipsig, 1802 See also, Z&Unchr f anorg Chomie, Vol XXIII, p 326 

® Salomon Die Abwfiaaorbeseitigiinff in Deutschland, Vol II, p 698. 

* Inspected May 9, 1008 

® Inspected May 13, 1909 

® Stadtiaohe Festsohnft ftir die Teilnehmer an der Vereammlung Deutsoher Naturforscher 
und Aertse Braunschweig, 1898 Bef Salomon, Vol II, p 21 

^ Prof. Dr Dunbar Leitfaden f d. Abwaaserreinigungsfroge, p 376 
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is difficult to separate the watoi from the sliulge All effort h 
to dram it have failed. If it is allowed to staiul iii o|)(*ti lanlvH 
with a poious bottom it is often mouths befoix' it can 1k‘ r('nio\ (mI 
■with spades. Each rain reduces it to its ori*!;iual eondit ion In 
Wimbledon after six months^ tieatmoiit it formed a llilek liquid 
mass of highly offensive character and 77.5 jxn cent watiT, If 
this mass of sludge is deposited in lagoons, as is often (loiu» in 
England, the whole neighboihood suffers from the unbearable 
nuisance ” 

In Essen sludge obtained by clarifying with Hint' in Kotin'- 
Rockner towers is placed in gigantic earthen basins wlu*re it 
slowly digests The water rising to tho siirfaet' can be di’awn 
off by some device. Odors arc hero exetqitioually slight, as Urn 
hydrogen sulphide is combined with iron. Tliis planti alsti is 
soon to be abandoned 

The method was neaily the same at Frankfort. Wht'u it was 
seen how great the cost and how bud tJio conditions were, 
mechamcal means of drying were resorted to. 

This method of drying was tried at Elberfeld-liarnien* in spite 
of the failures experienced elsowhore, and huge tanks wore built, 
which had to be increased in number at the end of a year, into 
which the fresh sludge was pumiied. As was to lie ('X])eetecl, tlie 
sludge required a long time to become spadalilo, and it bceame 
putrid. 

Another example is seen in th(^ wells of MairieJi. TIk'I’i' an^ 
two such plants at Reinsclieid. In one the attempt, is nnult' to 
dry the sludge in tanks 3.3 ft. (1 ni.) decqi, wlu'ro it is to drain 
through waUa made of broken stone. Up to Sejitember, JilOS, 
after it had been in operation two yours, tho sUuIgc' had not 
become spadablc in any of the tanks. In tho otln'i* ])laiil tho 
draining was to take place through fascines. 'I'here it. was fiJimd 
that the decomposed sludge would not drain tiirougli the fino 
fascines, and simply ran through where they were loosely woven. 

Spreading in Thin Laym. — ^l^h’esh sliidgo driers more (quickly 
and without much decomposition where it is spread out in thin 
layers. 

A method founded on this idoa has boon sueecssfully usc'd 
where the necessary areas are available, and where tho odor causes 
no nuisance. The sludge is spread on sandy soil if possible. It 
dries there, according to its condition and to the weather in a few 

1 Infipeoted April, 1008, 
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Lys or weeks, and can then be dug under or carried off. This 
•n best be done where, as at Charlottenbuig, the sludge obtained 
')m preliminary clarihcation is spread on irrigation fields 
In Germany it is used at Mannheim and on several irrigation 
Ids That it is not cheap even there is shown by the fact that in 
o year 1906 clarification of the daily amount of sewage, 
246,000 gallons (35,000 cbm ), cost $2530 (10,633 M ), while the 
moval of 02 to 105 cu yds (70 to 80 cbm ) sludge cost $5,572 
3,410 M ) — more than twice as much — although the areas used 
r drying were in the immediate neighborhood of the plant. 
Similar expeiiments have been tried in recent years at Birming- 
-m, whore the sludge was spiead on fields to dry. It was shown 
at the sludge dried after a while, but such laige aieas were 
cessary that it became impracticable. 

Burying , — ^The so-called burying method, by which the sludge 
dried and disposed of at the same time, is much used in Eng- 
id The sludge is not spread upon the disposal areas, but 
raped into dry furrows, where a large percentage of the mois- 
re IS absoibed into the loose soil; as soon as the sludge is firm 
ough to support the earth the furrows aie filled in If sludge 
at has decomposed under water is used, the same area can be 
ed successively every three years, according to Travis,^ as is 
ne at Hampton^ and Birmingham.® Where fresh sludge is 
ed, and especially where chemical precipitation has been 
iployed, this is not possible, as has been demonstrated at 
rmingham and in experiments made by the Emsoher Associa- 
•n, as the earth in which it is buried will not dram it In 
rmingham Dr Dunbar^ saw samples of hme sludge which had 
en buried more than 20 years and which retained the original 
ial odor, and was os hard as blue clay Sludge which had begun 
putrify was buried, as an experiment, at Reckhnghausen, and 
the end of a year it had its original odor, and was sticky and 
nay, while digested sludge could not be distinguished from 
mus. «ir 

Fresh settled sludge, even when not precipitated with lime, 
les very slowly in such ditches. I convinced myself of this at 
rmingham. Unlimited areas were there covered with such 

W Oven — Travifl Some obeervationfl relating to baoterinl tanka operations. Trans, 
r. Civil and Meohonioal Engra. Iiondon, 1006 
Inspected May, 1007 
Inspected Bept 15, 1000 

Prof Dr Dunbar. Die Abwasserreinifinjjag von Birmingham. Oes -Ing 1908. 
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fsludgc-fillcd ditolios, aud an no Hatlnfactoiy k'siiUm wore* ucliioviMl 
it was docidod to nM-urii lor tlio jiK'MMit to (In* nuMliod, alns'oly 
mentioned, ul htorin^*; iii hi^ooiiH. 

In Iiihtorburs^ sliulfi;o S diiyw okl is disi)ost'd of hy tins intMliod 
of burying, but nothing has been i)ul)lislu‘d as to l.he rt'sulls 
obtained It is tloubli’iil whcthei the sanu' ground can b(‘ usimI 
again lor several years when sludge that is only partially de(‘<iiii- 
posed has lieoii applied. If one is not obliginl to us(‘ tht' sanic^ 
area at short intervals, lus in tho ease of sinall plants in agricul- 
tural logiona, this method is free from objiudioii ami is to be 
I ecommended 

CompostDUf , — Similar to the method of plowing* under and 
burying, which involves a rough miviiig of the \\(‘t slinlgi' with a 
drier, porous substance — tin* earth — is a method mucli employi'd 
in small plants — i.c,, mixing with street swi'opings, or composting. 
This is done, cjj , at (iotliugoii and (Jassid in (im’inany \VhtM*e 
these heaps of compost are not (juickly used by farineiH they arts 
of course, liable to beeoiiu' a nuisauett. 

FhUer-hc(Ls . — ^iVs fresh sludge may bo considered as solid mate- 
rial floating in a litpiitl, tho next step was to st'jiarate ctuii- 
ponent parts hy filtration Tins, too, has betui tried at ilifftM'tmt 
places and with various inodihcatious, l)ut witliout success, at 
least to the extent that the sliulgo, altlioiigh separatt'd out, lultu* 
clogged the filter and decomposed. 

In Allcnstoin,’ c.f/,, the attein])t was niadi* to drain thf' wu1<*r 
(90 per cent ) from the sludge on carefully j)rt‘pareil gravt*! filtiu's, 
Tho filters soon beeamt' clogged, however, and the slmlgc diHMun- 
posiiig on it iirodiK'ed such a nuisance by foul odors tliat ilie plan 
had to bo abandoned. 

In Bielefeld the detritus from tho j)reliniinary cleansing in' 
preparation for iiTigatioii is ilniincd In a similar maiUK'r. In llu» 
roi)ort for the year lOOfi tho municipal authorities stale: 

'^Tlio removal of tho sludge* settling out in the clarification 
tanks, in which largo volunu's deposit., causes dilficulLies which 
should not bo underestimated. In dosigrung new plants it is 
strongly urged that drying bods of ample size be provided. ’'J'he 
original number is at present being increased by two more. It ia 
hoped thus to effect a speedier roiiioval of the sludge. The water 
drawn off from tho drying bods is again clarified and usod for 

* Salomon Dio niadtisrho AbwflMorbaHoitiicUTifl; In Deutnohlnnd, Vnl tl, p. 087, 

* Salomon. Vol. II, p 17 



DRYING OF SLUDGE I37 

irngation, so that the effluent may be carried to the outfall m a 
clean condition 

In Leipzig^ a part of the sludge, which is precipitated with 
salts of iron, is led into earthen lagoons These have dram pipes 
laid on then level bottoms, over which is laid a 12-m (30 cm ) 
layer of gravel, and on this' are laid tiles with close or open joints, 
filled with sand The water fiom the sludge filters thiough to 
the dram pipes and is brought to the plant for a second clarifica- 
tion In summer the sludge often becomes spadable in 2 months, 
in winter in 4 or 5 months As the tanks are inadequate the 
greater part of the sludge has to be disposed of by being conveyed 
to an old river bed. 

These examples show that the mere filtration of fresh sludge is 
only feasible where there ai'e large aieas and ample time for the 
process, and that a niusance from putrefaction may be expected 
Means have therefore been sought to reduce the time and aiea 
lequired for filtration Filter-presses and centrifugal machines 
used m certain chemical industries were recogmzed as such 
means 

Filter Presides , — ^Filter presses have been employed for a long 
time at several places as an experiment, e.g , at Cassel and Frank- 
foH The geneial conclusion is that they are expensive to 
maintain and operate and that they possess little efficiency. At 
present they are only used m Germany with the ligmte process, 
e g y m Potsdam, Spandau and Tegel. In Potsdam it is some- 
times impossible to press the lignite sludge dry, although it is 
comparatively easy to separate it from the water. Accordmg 
to repoits furnished me, 8 to 10 per cent, of the pressed sludge 
is too moist. This, even when pressed mto briquettes for fuel, 
becomes soft again in the rain, so that it is necessary to store it 
under shelter. Filter presses are no longer used in Germany in 
large plants for the purpose of de-watering fresh settled sludge. 

In England, on the contrary, filter presses aie much used, 
especially where lime is employed as a precipitant. Sludge 
with lime is more easily pressed. Sludge from plain sedimenta- 
tion usually requires a large addition of lime entailing a great 
expense. 

Drum Filters , — The dry process, described by Honig,^ which 

^ VorwaltungHberioht dor Stadt Leipzig und Mittoiluniten aus dom Tiefbauamt. Plant 
insi)ootod Deo. 7 ^ 1908, and May 10, 1010 

*Prof M HOnig Ueber Gewinnung and Verwortung von staditsdiem Klarschlamm. 
Gee -Ing , 1910 p 26 
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lias been tried at Bninn, is based upon filtiation. The pressure 
IS pioduced by a vacuum undei the filtering surface. 

Centrifuges — Moie recently gieat hopes have been placed in 
centrifugal machmes. 

The city of Frankfort-on-the-Main^ has conducted very ex- 
haustive expel iments with this method. It may now be seen in 
operation on a large scale at Harburg,^ Hanover® and Frankfort, 

Modem centrifuges differ favorably fioin the old filter presses 
in that all manual labor is avoided, so that the woi kmen need 
no longer come in contact with fresh sludge containing feciil 
matter or garbage. As yet little has been published legai’ding 
the cost and efficiency of this process. Reichle and Theising,'*’ 
who have examined and described the centiifugal plant at Har- 
burg, give as the cost of de-wateiing with centrifuges 62.2 cts. 
per cubic yard (3.42 M. per cbm.) of dried sludge, with filter 
presses 42 cts. per cubic yard (2 31 M. per cbm ) under similar 
conditions. As the cost was the principal objection to the intro- 
duction of filter presses the outlook for centrifugal machines is 
not veiy good. It is still worse because filter presses produce a 
drier sludge than centrifugal machmes, and because the latter 
produce a highly offensive liquid on account of the large amount 
of organic matter contained (accoiding to the above authorities 
3 7 per cent, dried matter of which 91 per cent, is organic). 
It is not to be compared with the liquid from filter pressing, iis 
can be seen at Harbuig, Hanover and Frankfort. The lattei is 
usually a transparent, pale yellow liquid, as is seen at Halifax, 
England,® while the effluent from centrifugal machines is a black, 
watery sludge. 

In spite of these drawbacks centrifugal machines must bo 
employed where the agricultural utilization of sludge is im- 
practicable especially where there is no cheap land available 
for storing the wet sludge. Frankfort-on-the-Main has already 
chosen this method. 

Drying by Heat — Three years ago an attempt was made at 
Potsdam to dry sludge by heat. The lignite sludge obtained 
there, which was first dried in filter presses, and which it was 

1 Zentnfugen Schafer-ter Moer System 

® Inspected May 7, 1908 

® Inspected Nov 18, 1908 

^ Bamnspektor Reiohle und Prof Dr Thiesmg, Mitteilungen a. d KgL Prflf -Anst, f. 
WaaserBorgnng, etc VoL X 

^ Inspected Sept. 13, 1909 
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intended to used as fuel on account of the latent energy in the 
lignite, was manipulated experimentally in rotaiy ovens with 
fuel gas. Similar attempts aie now being made at Frankfort for 
the further drying of centrifuged sludge containing about 70 
per cent, moisture. 

Electro-osmose, — Experiments have also been made at Frank- 
fort with the electro-osmose process of Count Schwerin, to de- 
water more easily slimy sludge which, as already mentioned, is 
difficult to dry. 

Dr. Tillmans^ writes of this method that it prevents the 
colloidal condition of the sludge liquor for a while, but that this 
appears later The current used is great but not prohibitive. 

More extensive experiments were to have been made at Frank- 
fort, but the results have not yet been published. 

Results of the Methods of Drying Already in Use. — ^As regards 
the results obtained the methods of drying of fresh sludge can be 
divided into two groups, those in which there is a steady drymg 
but which are expensive to install and operate (filter presses and 
centrifugal machines) and those which cost less but give no 
assurance of effecting the desired result (draining, irrigation 
and burying) 

The problem of lational drying has not yet been solved 
The septic process gives a better prospect of success. 

1 Dr J Tdlinans, Zeitaohr f d, Unters d NaJirungs u. Qenusanuttel. Vol XIV (1907), 
Parts 1 und 2 
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Drying Septic Tank Sludge 


Source — The apparatus for septic, trcutiiiont differM from (luit 
foi plain sedimentation by its ^»;reator size. 

Sepiic 7'an/c Method , — The time of flow tlirouf>;li sceptic tiiukM 
is usually from 12 to 24 hours, during wliicJi it. d(*coinpoHt‘ri (o a 
greater oi less extent, accoiding to its (‘onipositiou. 1'lie slmlg(‘ 
is stored under water as long as possihlcL I’lie ciipucily is 
generally arranged so that it can remain from 0 to 12 luoiitlis. 
The easily disintegrated portions are removed l)y digestion. 
The gases which develop biing up paiticles of sludge ^^ilieh form 
a floating covei The removal of sludge is peifornuHl in tlu^ 
same manner as with tanks for plain sedimentation. 

Disadvantages of the Ej[llncnt — The original aim in the Hepti(} 
treatment was to clarify the sewage more thoronglily tliaii \v*is 
possible by plain sedimentation To-day it is ktiowiP that tlui 
storage of the large (|uantities of sowago from a city until it is 
entirely decomposed is practically impossible. It is still l)eliev(Ml 
by many that permitting the sowago to l)ecome jmrtiiilly se))tic 
will produce as good a biological clarification as when treated 
in a fresh condition That is not the case; the anaerobic bact(*ria 
are favored and the process of reduction initiated by tlie cus- 
tomary 12 to 24 hours' storage in septic tanks. The? reduction 
is indicated by the formation of NH^, and CEI*, and the 
decrease of NaOg and NaGg, With the liiological jmrificatiou 
which follows, whether by irrigation, intormittent sand filtraticm, 
contact bods or the self-purification that takos place in a stream, 
active aerobic organisms are required, and it proce(’ds as a process 
of oxidation. The activity of the anaerobe's must first he* 
checked and the products of decomposition in the water must 
again bo oxidized Purification is thoreforo retarded by the* 
septic process. Ltibbert says of this:* medium is introduced 
into contact beds with the septic sewago which offers conditions 


Abwafl«aTBinI«tmitafrftge, pp. 127 and 140 
1909, Abw»«err.lntaun, Zrifahr.' d. 

?*® Abwasaen-eninaune im KWnbetrleb {Im.-Ing , lOOB, p 9a« 

Dr Lilbbert, 1 o • r , w 
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diametrically opposed to those desired, and the work of the 
oxidizing micro-organisms is rendered more difficult if they are 
to conquer in a struggle m which their antagonists, the ferments 
and decomposing agencies, have the upper hand ” 

Another unpleasant lesult of the septic method is often the 
unsatisfactory sedimentation which takes place in the tianks. 
The gases using from the sludge at the bottom inteifere with the 
settling action and bring up flak-es of sludge. Pailicles fall 
from the scum. In spite of all precautions, such as scum 
boards and the arrangement of the outlet openmgs fai below the 
water surface, the effluent is not as cleai as in plain sedimen- 
tation plants, it is thus sometimes necessary, as at Birmingham, 
to insert sedimentation tanks and roughing filteis between 
septic tanks and contact beds. 

Further, the septic effluent usually contains much sulphu- 
reted hydzogen which is dispersed in the air by the subsequent 
distribution of the sewage on contact beds, especially if this is 
done with a sprinkler nozzle oi revolving sprinklers, pioducing 
much worse odors than the woist sludge 

Sewage is, theiefore, detrimentally affected by the septic 
treatment. In handling the sludge, howevei, decomposition 
offers distinct advantages 

Advantages for the Sludge, — Sludge which lies submerged for 
months at a temperature not too low, undergoes a profound 
alteration. Its organic constituents are attacked by putre- 
faction and the j^roducts of decomposition partly disappear in 
the form of gas. There has been much discussion concerning 
the amount of sludge consumption and a laige amount of liter- 
ature exists on the subject, but the question of amount does 
not touch the keimel of the matter. The quantity of organic 
material destroyed is much less important than whether the 
sludge acquires desired qualities by septic treatment 

Characteristics of Septic Sludge — Sludge treated in efficient 
septic tanks differs fiom fresh sludge by its color, which is usually 
very black on account of the iron sulphide contained, by its 
less disagreeable odor, by its greater concentration — it contains 
20 per cent, of dried matter as compared with 6 to 10 per cent, 
in flesh sludge — and by the ease with which it drains. These 
last differences are most important in treatment. They arise 
from the destruction of the water-binding colloidal substances. 
They are of the utmost importance in drying 
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Drying Septic Sludge. — hy Iniiyiuo;, wliicli is \cvy 
difficult with flash sliul^^c, w otiHily iiccompIisluMl with M-plic 
sludge This method luis been used in Iliiin})l()ii for the 
5 years. In Biiminghain tliero woio no diffieultu's wjtli bun m;; 
so long as septic sludge was pHuluced. Drying oil porous aieiis 
is moie easily cairied on tliaii with fresli sludge, Ix'eiiuse it 
drains so readily. In Uniia^ it lieenme neaily s[)a(hible in (In* 
comparatively short time of from 4 to (j weeks. In Mulludin- 
Ruhi,^ where it is piled 3 3 ft. (I m.) liigh, it takes from S (o 12 
weeks in summer to become spadablo Rresli sliulg(» nxiinres 
as least one year Septic sludge, on the otiior linml, is not so 
well adapted to treatment in filter presses^ or centrifugal ma- 
chines This is of little conscxiuence, howeveu*, as tlu'se cosily 
devices are only resorted to wdien cheaper mtdJiods, such as 
diainmg the fiesh sludge, fail. 

Decline of the Septic Method , — ^yUthough t.ho advantages of 
septic treatment have been known for yearn and been uniformly 
confirmed, it is steadily declining on account of its dlsadvantagt's 
and the cost of the plant 

The constiTiction and maintenance of a sept.ic treatnumt. jilant. 
are expensive, because the eapaeity lecpiired for the stoiagt' of 
the sewage must bo taken at from (i to V2 times that for plain 
sedimentation — which is usually 2 to 4 lioiirs. 

Large plants are constantly Ixuiig eon vei toil from th(‘ sejitiii 
tank process to plain sedimentation, fii ManeJu^Hter, c. j/., wholes 
rows of septic tanks — one-third of the eiitini installataon— havi^ 
been changed to sedimentation tanks, and in Dirmingham, also, 
which has the largest plant in the world, t.lio gn'atiT nnndxu* of 
the former septic tanks liavo been changed to t.auks for plain 
sedimentation, in spite of the objectionable characterislics of 
fresh sludge. 

Former advocates of the septic principle are now oomsti-ucting 
sedimentation plants, eg,, Travis at Norwich*^ in whi(*h not only 
is the sewage to remain fresli, but l)y which the sludgi' is to Ik» 
removed at shoi-t intervals, as in the proci'ss of plain sialinuaita- 
tiori 

^ Inspootod Mjiy Ifi, 1008 

‘ DiRpcQl^d M«iy l/i, 1000 

’’ Iloyal Com on How DUp 5th Rop LniKloti, 1008 

^ Naoh Anffaberi dor llanuovoraolion Miwohinonbau-A -Ci vt>nu Oudr* KkohIopIT (Kon- 
tnlugon Syatom Hchufor-lor Moor) uud MiUoiltiiigon iuih d. Kgl Crnf AriHt f Wiui«f*pv, 
u AbwaHsorbofloit Vol X, p lOa 

Inapeotod Sept 17, 1009. Lit* fiurveyor, 1008 Noh. 855 and H50, p. 07a. 



CHAPTER IV 

The Driinq op Emscher Tank Slohom 


Emschei' Tanks . — Midway between the Hf'dimontalieu and 
septic processes of sewage purificatiou and .sludge tr('iil,nu‘nl. is 
the method exemplified by the Emscher tmik TJio ili'tuils of 
construction are made clear by various illustral.ioufl.* lu the 
Emscher tank clarification takes place m a cliainbcr from wliich 
the sludge is drawn off contmuously and antoniatically. 'J'Jie 
liqiud jjasses through the chamber in from one to two Jiours. 
Because of this biief period of clarification and the inimediato 
removal of the sludge, putrefaction of the liquid occurs loss than 
is often the case in treatment by sedimentation. 

Action in the Sludge Chamber . — The sliidgo flows from tJio 
sedimentation chamber into a well-shaped comp art mcni. below, 
in which it remains, on an average, two or throi' months. 

The processes which go on in this sludge chamber, so far as 
they have been ascertained, are essentially different from the 
putrefaction in ordinary septic tanks with euri'cuts imssing 
thiough them, for the gases, escaping in largo qimulities, unhkt' 
those in septic tanks, contain very little hydrogiui suliihidt*. They 
consist mostly of methane and carbonic acid. The aj)])ai'en't 
cause of this phenomenon is the fact that tho litiuid coveiing and 
surioundmg the sludge is renewed to but a very sllgld. e.\teiil. 
It becomes, accordingly, thoioughly septic vi'iy (luickly. The 
albuminous matters that have been act free in it are di'comjiosi'd 
and can form no more hydrogen sulphide. In .septic treatment 
on tho other hand, fresh sewage is continually brought into 
contact with the putrefymg sludge and dccompoHCs, so that the 
suspended as well as the dissolved albuminous mattei's are con- 
tiimally being acted upon, developing hydrogen suljiludc. 

From the sludge itself either very little hydrogen sulphide is 
developed, or else it decomposes, or the sulphur is otherwise com- 
bined. Investigations of this question are now being taken up. 
Removal of Sludge —The sludge is drawn off through iron 

* 1 Dr Ing Imhoff, D R, P No 187,723, K1 811 a 
S .K. hew,. art 

t Dr Ing Imhoff, A Now Method of TreaUng Sewage. Surv^,or, 1900. No. 008, 
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pipes which leach to the bottom of the iunks'tiiKl Iviid out 
through the side of the tank about 3 1/3 ft (1 in ) below the siu- 
face. When the valve closing the end of the j)i]je iirojeeting into 
the tank is opened, the sludge is forciod out by the weight of tlus 
liquid. This does not interrupt the process of chirilication. 

Character of the Sludge , — Expeiience has so fai* indicated that 
sludge from Einscher tanks exhibits in a high(‘r (h'greo all tlio 
favorable properties of th*at from septic tanks. 

Amount of Moisture — The water contained is decidc'dly lowcu’ 
in amount than that in sludge from septic tanks, allhongli lljo 
Emscher sludge is always dra\vn off under water, lii 10 iinalysc's 
of the digested sludge from the Rocklmghausen-Ost clainficiilion 
plant (Table I) I found an average of 79 34 jier cent, inoistuie; 
in 16 analyses from the Essen-Nordwost jilant (Tablt‘ II) an 
average of 75.6 per cent., and in G analyses from tlie liocliuni 
plant (Table III) an average of 75 8S per cent. JOach of th(*sci 
samples was an average sample from a larger amount of shidgo 
(52 3—123 0 cu. yds =40 — 94 cu. ni ) The greatest amount 
of moisture found at Essen-Nordwest was 81 8 per cent (Oct. 1 1, 
1909, when there was only a thin layer of sludge in tlu^ tank). 
The least was 71 35 per cent (May 8, 1909). Of the l(j avei’ago 
samples taken, 9 contained less than 75 per cent, moisture. 

TABLE I (CoiuletiHcd) 

RBCKLINQHAtJSBN CLAniPICATlUN PLANT ((i J^MHCMKU TVNKS) 
Summary of Analysos of Wot Docomposod Sliulgo from natuph's t.iikc>ii 
from Juno 14, 1907, to July 20, 1909 



Avc. 

Per cent. 

Max. 

Min. 

Wet sludge 




Moisture contained 

79 ;u 

81 2 

7J5.0 

Dned material 

20. 00 

26 0 

15. H 

Dried material 




Mineral matter 

54 8 

04.4 

44 1 

Orgamo matter 

45 2 

56.9 

:)5 n 

Nitrogen 

1,66 

1 71 

1 47 

Fats‘ 

fl 41 

1 0.75 

fl 07 


I Analyses mside on two days only 
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TABLE II (Condensed) 

Esben-N W Clarification Plant (9 Emscher Tanks) 


Summary of analyses of Wet Decomposed Sludge from samples taken 
from Apr 8, 1909, to Oct 11, 1909 




Per cent 



Ave 

Max ! 

Min 

Wot sludge 

Moisture contained 

76 6 

81 8 1 

71 35 

Dried material 

24 4 

28 65 1 

18 2 

Dried material 

Mineral matter 

46 08 

53 51 

37 6 

Organic matter 

64 92 

62 4 

46 49 

Nitrogen 

1 22 

1 43 

1 015 

Fats' 

4 89 

7 36 

3 44 


^ Analyuos maclo on Mevou days only 


TABLE III (Condensed) 

Bochum Clarifioation Plant (18 Emscher Tanks) 


Summary of analyses of Wet and Decomposed Sludge from samples 
taken from Feb 11, 1909, to Aug 13, 1909 



Per cent 

Ave 

Max 

Mm 

Wet sludge 


1 


Moisture contained 

76 88 

79 71 

72 97 

Dncd material , 

24 12 

27 03 

20 29 

Dried material 




Mineral matter 

69 49 

63 98 

49 3 

Organic matter 

40 61 

60 7 

36 02 

Nitrogen . 

1 102 

1 46 

0 87 

Fats' 

8 73 

12 3 

5 82 


1 Analyses made on four days only 
10 
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ANALYSES OF WET AND DECOMPOSED SLUDGE 



Cloiilioatiuii I’li 

Workman's Mine “Hchworiu” 
near Rauxol i W 

uiL at 

Bockuin I W 

Number of tanks 

2 


Date 

Nov 6, 1909 

Doc 1, 190' 

Wet sludge 

Per cent 

Per cent 

Moisture contained , j 

80 4 

77 i\ 

Dried material 

Dried material 

19 0 

22 4 

Mmeral matter 

49 0 

<>1 U 

Orgamc mattei 

51 0 

{) 

Nitrogen 


1 ;u 

Fats 

‘ 

2 ni 


With 70 per cent moistuie Emsclier sludge is si, ill like gruel in 
consistency It is completely mobile, flowing of itself in slightly 
inclined channels. It can also be raised from the bottom of the 
tank by means of an ordinary trench (inembrano or (liaphragm) 
pump. Fresh sludge of the same degree of concentration (70 per 
cent, moistuie) is generally rather firm 
This peculiar difference is in part due to the fact that the fibrous 
or clogging constituents are almost entirely destroyed, and in pait 
to the microscopic gas bubbles which take the place of the water 
between the separate pai'ticles of solid matter which, being sur* 
rounded by minute fluid films, renders the entire mass mobile. 

Odor — The odor of wet Emsclier sludge can only bo dcteettal 
near by, and is only noticeable when it has been wanned to l.W 
or 176° P. (70° or 80° C.). It smells liko rubber, or Homotimes 
like tar or peptone. No disagreeable odors can be perceived a 
few feet away, even when the sludge is being drawn off 
Analytical data of the organic material, fats and nitrogen ctui- 
tained can be found in Tables I to III. 

Drying — Only methods based upon drainage need bo con- 
sidered with reference to the drying of sludgo from Emselier 
tanks, according to the following experiments, as tliey show f.hat 
these methods are the simplest and cheapest besides being pai*- 
ticularly adapted to Emscher tank sludge. 

Exphbimbnts with Dkainino 

General Remarks.— The question of the facility with which 
sludge which has decomposed under water may be drained and 
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the reasons underlying this have not yet been thoroughly in- 
vestigated. At the experimental plant of the Emscher Associa- 
tion at Essen-Ruhr in 1907, it was shown that the sludge received 
theie, when placed on porous material to a depth of about 10 in. 
(25 cm ) frequently became spadable in 8 to 10 days. 

The tank from which the sludge came was built m 1906 by 
Baurat Middeldorf and Engineer Wattenberg after an English 
model — that of Tiavis at Hampton^ (Middlesex). At the 
suggestion of Dr Imhoff it was altered before being put into 
service so that the chamber which received the sludge and wheie 
it was to decompose would, in distinction from the Travis tank, 
have no current of sewage passing through it This was, there- 
fore, the first application of the Emscher tank treatment It 
differed in outward form from the true Emscher tank in being 
more shallow. This has an unfavorable influence on the con- 
tained moisture and the time required for drying. 

The amount of water contained is an important factor in the 
drying of sludge. The leas water it contams the more quickly it 
dries. Fresh sludge often contains over 90 per cent, of water, 
sometimes 95 to 97 per cent That obtamed from the shallow 
tanks of the experimental plant had an average of less than 90 
per cent It is therefore possible that the rapid drying was a 
result of the small amount of moisture contained and was due to 
evaporation rather than to drainage. As no large amount of 
drainage water was observed, it was inferred that draining played 
no important part in the process of drying After altenng the 
drying beds I succeeded in securing and measuring large amounts 
of drainage water. 


Experiment I 

The Drying Bed — The drying bed for the experimental plant 
is 65 6 ft. (20 m ) long and 16 4 ft (5 m.) wide. The bottom is of 
fairly impervious clay and the walls of masonry in cement 
mortar. It is filled to about 20 in. (1/2 m.) in depth with coarse 
boiler clinker, over which a layer of fine clinker 6 in. (15 cm.) 
thick is spread Drain pipes connecting at right angles with a 
collecting drain serve to draw off the water. It is divided by 
planks into 5 compartments of 215 sq. ft (20 qm.) each 

Befoie the experiment was begun I altered the fillmg material 

* Dr TraviB, Hampton SurvsyoTi 1005 No 708. 
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and provided the basin with diagonal drainage in place of the 
original diam 

Carrying Out the Experiment — July 8, 1907, 31 4 cu. yds (24 
cbm ) of digested sludge fiom the experimental tank was placed 
on the drying bed thus piepared The specific gravity of the wet 
sludge was 1 033. 27 8 tons (24.8 long tons) were consequently 
delivered The depth was about 9 1/2 in. (24 cm ). Analysis of 
an average sample of the wet sludge showed 92 34 per cent, 
moisture Of the 27 8 tons (24 8 long tons) , therefore, 25 6 tons 
(22 9 long tons) were water. The sludge became spadable in 8 
days Duimg this time 1833 gallons (6 94 cbm) of drainage 
water was obtained =30.16 per cent of the original amount of 
water The firm sludge examined a few days later contained 
65 4 per cent moisture The amount was then found to be 4 14 
tons (3 7 long tons) It still contained 2 69 tons (2 4 long tons) 




Fig 31 — Drainage of sludge at the e35>enuieiital plant July 8 to July 17, 1907. 


of water. The loss of water was, therefore, 22.96 tons (20 5 
long tons). Of this, 7.77 tons (6 94 long tons), or 33,85 per cent., 
ran off as drainage water 

The gi'aphic representation of the results of the measurements 
made given m Fig 31 shows that the amount running off, begin- 
ning with 26 7 gallons (101 1.) per hour, rose in the course of the 
first day to 34.3 gallons (130 1 ) per hour, and then gradually 
diminished, and that the drainage was practically completed in 
5 days Measurements taken July 13 showed but 2 4 gallons 
(19) per hour Observations were contmued until July 17. 
The last measurements showed 0 53 gallon (2.1) per hour. 



DRYING OF SLUDGE 


149 


Results DrSiinOigG w&s shown by this to play an important 
part m drying sludge More than one-thiid of the watei lost 
reached the place of measurmg as drainage water. Draining was 
piactically completed in the first half of the 8 days taken for 
drying 

The large, open drying bed was not adapted to the precise 
determination of the relation of diaining to evaporation, as it 
was neither protected from rain, nor had it an absolutely impei- 
vious foundation, and as the amount of diamage water could not 
lie directly measuied, but had to be estimated from measure- 
ments taken several times daily, I therefore made experiments on 
a smaller scale with an apparatus which repiesented a fraction of 
an ideal drying bed. 

Apparatus — In a water-tight glass box holding 2 5 cu ft. 
(717 1) and provided with a faucet, was constructed a '^filter- 
frame,'' consisting of slag, and resting on a gratmg, i e , pieces of 
slag weie laid m 5 layei^s, each layer composed of finer fragments 
than the one below, so that the finer material would not fall 
thiough the inteistices of the coaiser layer below The top layer 
was composed of washed Rhine sand 0 02 to 0 01 in (1/2 to 1 /4 
mm ) in size A wooden frame holding 1,05 cu ft. (30 1 ) coveied 
with zinc, pressed firmly into the top layer, served to hold the 
sludge. 

The experiments were conducted in a shed, protected from the 
rain 


Drainage Experiment II 

On the ISth of July, 1907, 52 8 lbs. (24 kg ) of decomposed 
sludge from the experiment station were placed in the frame of 
the filter. The first of the dramage water appeared in 1 1/2 
hours. 

The whole amount of the water drained off was retained and 
measured every 24 hours. The results are given in Table IV, 
the first column showing the daily volume, and the second 
column the sum of the volumes up to the day given, the 3rd 
and 4th the same quantities in per cent, of the original amount 
of water contained m the sludge. 
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TABLE IV (Condcnaed) 



EfUuont 

Porcoiitogo of tlio total 
(uuniinl of 

Date 

For 24 hours 

Total 

47 072 11 )S 

21 75e kff 



Cubic 


Cubic 




Gallons 

Ceuti- 

Gallons 

Conti- 

For 24 hours 

Total 



meters 


mo torn 



July 19 

611 

1930 

611 

1030 

8 87 

8 87 

July 20 

524 

1980 

1 035 

3010 

0 1 

17 07 

July 24 

164 

620 

2 264 

8550 

2 85 

30 1/3 

Aug. 1 

; 004 

15 

2 719 

10200 

0 07 

47 oe 

Aug 2-7 

066 

250 

2 785 

10510 

1 25 

48 31 


The sludge became spadable in about 8 days. The course of 
drying was followed by the analysis of samples taken at intervalH. 
A sample of the same sludge used in the experiment was pre- 
served in an open water-tight tub and analyzed at the end of the 
period. 

The leaults of the analyses at the beginning and end as well 
as the two between are given in the followmg table. 


TABLE V 


Date 

Water 
Per cent 

Dried material Per cent 

Total 

Loss on Ignition 

Mineral rosirluo 

July 18 

00 62 

0 38 

40 52 

50 48 

July 24 

79 60 

20 40 

37 20 

62 80 

Aug 1 

09 19 

30 81 

35 50 

04 60 

Aug 7 

66 20 

43 80 

33 10 

66 00 

The sample left in the open tub showed the following compoHitiun. 

July 24 

90 05 

0 05 

30 46 

60 54 


The drained sludge had been reduced in moisture from 90.(52 
per cent, to 56.20 per cent In 6 days (July 24) it had been 
reduced to 79 6 per cent., while that in the tub, which lost only 
by evaporation, contained, after the same time and with equal 
depth, 90,05 per cent. 
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Drainage Water . — The results of an analysis of the drainage 
ter are as follows 


TABLE VI 

A.MINA.TION OF ‘WatBH DiIAINBD OFF FROM JtTLT 27 TO AUGUST 1, 
Clkar, Colorless, Odor Sliqhtlt Earthy 


1 

Parts per million 
“mg per 1 


duo from evapomtioii 

2103 ' 


due from ignition 

1601 1 

76 2 per cent. 

i on igmtion 

502 j 

23 8 per cent 

gen oonBumed (according to Knhel) 

221 6 

ICMnOj consumed 

lI mtrogen 

09 4 j 


;rhioh Orgaiuo mtrogen 

2 8 


Nitrogen m ammonia 

78 4 


Nitrogen m mtrates and nitntea 



(NaOi and NaOi) 

18 2 



iVhen kept 10 days in a closed bottle at the temperature of the 
m no sulphuretted hydrogen was found. 

'lesuLts . — The water origmally contained was, according to the 
dysis, 5.747 gallons (21.766 1). The total volume of water 
loved can only be estimated in a round-about way as the 
aples taken for analysis during the test reduced the amount 
aludge present. Without material error we may consider the 
ount of mineral matter 2.945 lbs. (1 336 kg ) unchanged and 
i, then, as the final weight of the drained sludge 7 54 lbs. 
12 kg) and of the moisture contained 4 240 lbs. (1.923 kg). 
Nq have, then: 

Heduction of sludge . , 86 76 per cent 

Reduction of water 91 26 per cent. 

rheie were drained off 2.682 gallons (10 1591), 

—48,4 per cent, of the original volume of water 
— 53,1 per cent, of the water removed 

According to this there were evaporated 20,537 lbs. (9.314 kg.) 
vater, 

—42.8 per cent, of the original volume of water. 

^46,9 per cent of the water removed. 
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This experiment therefore confirmed the results of the first 
expenment and, moreover, showed that the decomposed sludge 
of the experimental plant loses under favoiable conditions for 
draining, more than half of the water removed in this way. 
A further disintegration of the organic matter goes on duiing 
the drying. Odors are not perceptible (if the sludge is stoied 
up in the open air without draining; decomposition is not nearly 
so energetic). 

An analysis of the drainage water shows indications of bio- 
logical purification (putrescibility, nitrates fi,nd nitrites) although 
the importance of this is lessened by the fact that the inference 
was diawn merely from a sample taken at the end of the experi- 
ment 

Comparative Experiments with Fresh anb Decomposed 

Sludge 

These experiments were made to ascertain whether there is 
any difference in the facility of drainage between fresh and 
decomposed sludge, and whether the superiority of our de- 
composed sludge in this respect is not due to the fact that the 
flesh sludge itself is exceptionally capable of being dramed. 

Top Layer of the Draining Bed — In the following experiments 
coal waste was used as a top layer instead of ’ pulverized slag, 
a material that was cheap to procure in the Emscher district. 
92 per cent, of this covering material was composed of grains from 
2 to 4 mm in size, 8 per cent from 1 to 2 mm. 

This combustible material was used because of the intention 
to bum the sludge in some part of the Emschcr district In 
shovelmg off the spadable sludge a portion of the top layer of 
the diying bed adheres to the sludge. If this top layer is com- 
bustible the calorific value of the sludge is increased; if not, it is 
reduced. 

Porosity of the Draining Beds . — The draining beds were ex- 
amined as to their porosity before the experiments were begun 
Equal volumes of a preliminary dose of water were evenly flowed 
over the surfaces of the beds and the time and amount flowing 
off were noted The porosity proved to be practically uniform 
as was to be expected with the similar construction of the beds. 
The beds were then allowed to dry for several days. 
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COMPARATJVE EXPERIMENTS WITH FRESH AND DECOMPOSED 
SLUDGE AT THE ESSEN EXPERIMENTAL PLANT 


Tho j’C'iSiilts of the analyses were 


AViiter 

Dried 

inatenal 

Ash 

Loss by Ignition 

92 48% 

7 62% 

3 21%, 

4 31% 1 

1 Fresh 

Of the dncd matonal 


42 7 % • 

57 3 % j 

I sludge 

89 44% 

10 66% 

6 13% 

4 43% 1 

Decomposed 

Of the dried material 


58 06% 

41 95% J 

\ sludge 


Forty-four pounds (20 kg ) of each kind of sludge was brought 
to the diaimiig beds. It was found that no comparison could be 
made in this way, as the fresh sludge diained off immediately 
through the beds, while the decomposed sludge, as usual, only 
permitted clear diamage water to pass As the two kmds of 
sludge did not differ greatly as to the water contained, this was 
rather surprising. The decomposed sludge looked somewhat 
thicker than the other. As was seen later this was caused 
less by concentration than by the gas contained. Decomposed 
sludge which is full of gas bubbles becomes foamy and viscous. 

It was thus impossible to compare the two sludges as to ease of 
draining. 

Fresh sludge may be concentrated to a considerable degree, 
as a large part of the water lises in a fairly clear condition to the 
surface after standing awhile and can then be di*awn off by a 
siphon. Such a piocess is advantageous in two respects. In the 
fiisL place, it is probably possible in this way to dram the sludge 
without its mnning through, and secondly, it was possible to 
assume approximately equal amounts of moisture, which is of 
impoiiiance in considering the quantity of the run-off measured 
in the process of draining A direct comparison of the time 
taken for drying had to be abandoned under the conditions, as 
the fresh sludge was favored by the removal of a part of its 
moisture. 
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Comparati\t: Experiments with Fresh and Decomposed 
Sludge at the Rechlinghausen-Ost Plant 

In order to place the work on a broader basis, sludge from 
another plant — that at Rechlmghausen-Ost^ — was used, which 
was constructed on the prmciple of the Emscher tanks This 
furnishes a moie concentrated decomposed sludge in its well 23 
ft. (7 m ) in depth than that from the experimental plant, 111/2 
ft (3.5 m ) deep, which was not originally built as an Emscher 
tank. 

In order to experiment wuth samples containing, so far as 
possible, an equal amount of moisture, fresh sludge wels allowed 
to settle, the supernatant water w^as siphoned off and the com- 
parative experiments were begun. Analyses of the two kinds of 
sludge now showed that the desii’ed equality of the contained 
waters had not been secured. The decomposed sludge contained 
77.4 per cent of moisture, about the average at that time (77 6 
per cent). The fiesh sludge was not equally concentrated. 
The moisture (about 90 per cent.) had been reduced by siphoning 
but it still amounted to 80 35 per cent. Further exammation 
showed that in other respects the compositions of the two kmds 
of sludge were not comparable, as the ash in the diied mateiial 
of the fresh sludge was 57 2 per cent , while the decomposed 
sludge contained but 50 58 per cent. 

Both /iifferences were favorable to the fresh sludge, for wet 
sludge wnll give off more moisture, and sludge with less organic 
matter dries more easily. 

In the experiment described the attempt to measure directly 
the loss in weight of sludge by draining had to be abandoned. 
As no attempt had been made to take intermediate samples, this 
was now done. 

Execution op Comparative Experiments 

Forty-four pounds (20 kg.) of each of the two kmds of sludge 
were again weighed and placed on the two draining beds 

The effluents from the draining beds were measured daily and 
anal^’-zed from time to time The beds themselves were also 
weighed at intervals — 10 times in aU The results of measuring 

1 At time of operatioii m Feb , 1907, about 28,000 inbaljitantB provided for 6400 obm. 
per day. SSx tanks 6 m. m diameter and 7 m. deep. 
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and weighing aie shown graphically in Fig 32. This shows the 
summation of the volumes of effluent and the loss of weight. 

It shows how the fresh sludge which drained more quickly in 
the beginning on account of the laige amount of moisture con- 
tained, was surpassed by the decomposed sludge on the second 
day. The difference mci eased up to the 4th day (April 29, 1908). 
Up to that time a thin layer of water rested on the surface of the 
flesh sludge. As the sludge underneath decreased in volume 
as the water was given off, contraction cracks appeared through 
which, in the two following days, the surface water could seep. 
The difference in the amounts of effluent was thus somewhat 



32 — Drainage of fresh and decomposed sludge from the Reoklinghausen-Oat 
olarihcation plant 


lessened. Although it decreased still more during the experi- 
ment, yet at the end it amounted to 0 24 gallons (0 9111). Only 
40 per cent, of the origmal amount of fresh sludge appeared as 
drainage water to be measured, while of the decomposed sludge 
47.4 per cent, appeared. 

Results of Draining.— In spite of the greater amount of mois- 
ture, the fresh sludge gave up leas water than decomposed sludge, 
even on this freshly prepared drymg bed, ^ c , its dramage was 
inferior to that of the decomposed sludge. (As later experiments 
showed, the difference in practice is still greater, because the 
drying beds become clogged by the fresh sludge placed upon it. 
Decomposed sludge does not clog the beds ) 

The curve showing the reduction in weight is similar to, but 
differs from the volume of the effluent in that it includes the 
reduction by evaporation and by gasification. Moreover, as the 





SliJWAdPJ 


ir)G 

lat.t(‘r is groaloi’ in ilu' ciiso ol (lccnni[>oMMl sludjit*, llu' (lilTt'UMWM' 
is tlniii it would ol.luu \vis(* 1 h‘ 

Exatninalinn of Dial tuujc II (Un — Ii('sull.s ol Mio oxjiiinnatioii 
of the dnuuii^»:o watcu aro ^;;iv(‘n iu Tiihlo \'n. Tho (‘lUiuMits 
of the liist, socond and sixtli days of Ik'sIi, :is w(‘ll as dc'coiu- 
posod, sliKlf»:o \\oro cxainiiiod and tM>nij>au‘d. I01flu(‘nts of both 
kinds W(Mo found to 1)(‘ l)ioIo^i('a]ly pure* — i r , tlu'v contained 
and iiroiluccd no suliihiirolfccd hydro^cni, but. did coiilain nil i ales 
and nit 11 1 os 

Tlio difference between the two was Ix'st sliown in tlie residue 
on evapoiation, and liy its pereentaf»;o of orf*;nnie nuitliT, wliieh 
was imich #;iealer m fr(‘sli than in decomposed sludj^e. 'I'lie 
o\idal)ility, according to Kuliel, shows tin' same thing. 

Doeom]n^sod sludge therefore gives off drainage water of a 
more favorable composition than fresh sludge. 

Dujing, — Placing the bods und(*r (‘over of a roof furnished an 
ideal condition for draining and for comparison but. not for 
rapidity of diying. Although the (h'teniug hitluence of rain 
was removed, evti])oi‘ati(jn was hindered liy tho liu‘k of air and 
Bunshiiie The dosir(»d data foi a comparison of tlie facility of 
draining was obtaiiu'd but the time rcMpiirod for drying was 
greatly ineroas(*d. Decomiiosod sludge b(H*ame spailalih' in 
l(i days, which is a slioi’t time. Fresh sludge reached a similar 
consistency only after 33 days, although it had liecui artificially 
dried — more than twice as long as tJie otluu’ After tJn^ fn'sk 
sludge had become firm, the (wporiimnit was eoueluded and tho 
avei‘ago samples were analyzed. 1\i))le VI 1 1 gives thc^ rt'sultri 
of tJie analys{‘H from samples tak(ni l)oforo beginning and after 
ending the oxperimcnit. 


HeSUL'I’S 

A. Frvsh l^ludtjr. — W(‘ may coneliide from tlie (‘Xiierinunits 
that, for fresh sludge: 

1. If it is brought without preliminary eoueontration to 
freshly prepared diying bods, it is possilde that it may rim t.lirough 
without b(dng drained, even with a siu’faec composed c>f grains 
2 to 4 mm, in size. 

2. If, as in tho second experiment, tlu5 sludge lias been min- 
eontratod (it contained only 80,35 pm* cent, moisture) it can \m 
drained on ft’oshly prepared bods. (Practically it has at this 
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1 All determmationB arc made with unfiltercd water 



TABLE Vm 

CJOMPABISOX Betweex Fhesh AIO) DECOMPOSED Slttdge Fhom THE Becklinghausen-Ost Clahification P 

Exanimation of Sludge 
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time no value, first, because it is not practicable to obtain large 
amounts of fresh sludge with much less than 90 per cent mois- 
ture; secondly, because the drainmg beds become clogged after 
fiesli sludge has been placed on them). As a lule also, it gives 
out an unbearable odor, noticeable at a long distance, after 
about 3 days. 

3. Drainage water from fresh sludge becomes biologically 
pure after slowly percolating through the layer of slag, but 
still contains much organic matter in solution. 

B Decomposed Sludge, — The loss of water by draining de- 
composed sludge was 80 9 per cent of the total loss of moistuie, 
so that only 19.1 per cent, of that lost was evaporated. 

C Comparison of Fresh and Decomposed Sludge. — com- 
parison by diaining the two kinds of sludge shows that: 

1. Fresh sludge takes much longer to become spadable than 
decomposed sludge, even when it is at first partly de-watered 
(33 as compaied with 16). 

2. Fresh sludge gives off much less drainage water than de- 
composed sludge, even when it contains more moisture (47.45 
per cent as compared with 55.7 per cent ). 

3. Drainage water from decomposed sludge contains less 
organic matter than from fresh sludge. 

4. Decomposed sludge loses more organic matter by dramage 
than fresh sludge. 


Deductions 

Provision should be made for drainage in constructing drying 
beds for decomposed sludge. The dram pipes should be large 
enough to furnish an unobstnicted flow for the large amounts 
of effluent at the beginning 

Drainage water from beds of fine slag requires no further 
treatment. It can be discharged into any stream. 

The Reasons for Facility in Draining 

The principal result of the experiments described was establish- 
ing the fact that decomposed sludge from Emscher tanks can be 
drained, ^.e , it dries in a short time by parting with a large part 
of the \Yater which disappears (to 80 per cent.) through the porous 
bed It remains to find out what characteristics are required to 
render drainage easy. 
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Viscosity . — The expciiments with fresh and dpconiposed sIikIkp 
furnished very important information. Tlu'y .showed (hat w ilii 
a cover to the bed of uniform sized giains fresh sludge ran tlinaifili, 
while decomposed sludge merely lost its moisture. ''J’ho reason 
lies in the difference in eonccntratioii. 

With fresh sludge only the eoaiscvst iiigredien(,.s rmmiiu on tlie 
drainage surface at first, owing to its fluid state, due to the lai-go 
amount of contained watei', while the finer material in jiart 
penetrates to a greater or less depth int.() the cov<M-ing layer, 
some of it passing all the way through. The layer becomes mort' 
dense by the accumulation of the particles of sludge AvliicJi pene- 
trate the suiface, no moie pas.scs through and at a c(‘rtam de])lli 
an almost impenetrable mass is formed of tlu' covt'ririg uial.erial 
and the particles of sludge which, when tlie second or fJiird dose 
of sludge is applied may, under some circumstances, liecoim* so 
thick that it offers a strong resistance to the passagt' of water. 
There can then be no question of draining through so impervious 
a bed. 

The more concentrated septic sludge and t.lie thick-flowing 
digested sludge of Emsclier tanks, on the oontraiy, do not )>a.ss 
through the filteimg layers, Imt give off tlu'ii- water 

Destruction of Colloids , — ^According to the results of tlie second 
experiment Bmschor sludge drained more rapidly than ai tificially 
concentrated fresh sludge from the same plant. This is duo 
largely to the fact that the colloids in the f resli sludgi* ar(' imrtinlly 
destroyed (in digested sludge — Trans.). Presiunalily the (U'coin- 
position caused by bacteria and enzymes which attack tlio organic 
material on the surface, is most apparent in tlio Hponge-liUo 
hydrogels filled with liquid with their onormously large surfaces. 
The destruction of these diminishes thoir property of liolding 
water. As the sludge loses moisture it drains nioi’o easily. 

Destruction of Organic Mattel '. — The destruetiim of organic 
matter, such as fragments of animals and plants, which are found 
in the sewage from kitchen, garden and slaughter lumse wasti'S, 
takes place in the same way. These substances, which bind, and 
fi om the beginning contain, much water, are found only in very 
small quantities in decomposed sludge. 

The difference in the water content between fresh and decom- 
posed sludge shows how far the destruction of the water binding 
colloids and organic matter has progressed. As compared with 
90 to 95 per cent, moisture in fresh sludge, 1 found, e.g., in 
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Emscher sludge from the Recldmghausen plant an average of 
79.3 per cent., m sludge fiom the Essen-N. W plant only 75 6 
per cent. Occasionally liquid sludge is obtained from Emsclier 
tanks with nearly as little as 70 per cent moisture, a concentia- 
tion equal to the spadable sludge from centrifugal machmes 
On the 8th of April, 1909, in an average sample of 123 58 
cu yds (94 34 cbm ) of wet sludge diawn off undei watei, fiom 
the Essen-N. W plant, e,g , I found 71.9 per cent, moistuie, from 
another taken May 8, 1909, of 85.1 cu. yds (65 0 cbm*), 71 35 per 
cent, moisture, while, according to examinations made at the 
Royal Experimental Station for Water Supply and Sewage 
Disposal^, the spadable centrifuged sludge from Harburg con- 
tained between 69.7 and 74 2 per cent moisture, an average of 
72 5 per cent A sample taken by me at Harburg in 1908 
showed 68 8 per cent. In Franldort the fresh centrifuged sludge 
contained about 70 per cent moisture (according to data fui- 
nished me there in 1908). 

The destruction of water bmding substances is shown also 
when in a spadable condition. 

Thus I found in 4 samples of Emscher sludge at Reckling- 
hausen-Ost which had just become spadable, an average of 
58.27 per cent., m 13 samples from Essen-N. W. an average of 
62.34 per cent. 

We may thus assume for spadable fresh sludge about 71 per 
cent, moisture, for spadable decomposed sludge about 55 per 
cent. 

Gas Contained , — The ability of decomposed sludge to drain is 
mateiUally assisted by the gas contained. As already mentioned, 
large quantities of gas are formed by the decomposition of sludge 
m Emscher tanks, which consists mainly (about 3/4) of methane 
and (about 1/4) of carbonic acid. These gases pass off as soon as 
laige bubbles are formed from the origmal minute ones, os the 
former overcome the pressure of the overlying layer of sludge. 
A large volume of gas at one point is necessary to effect this. 
The bubbles remain in the viscous material until this occuis. 
At the greatest depth, about 33 ft. (10 m.) the gases are under a 
pressure of one atmosphere. If sludge is drawn off it comes 
filled with compressed gas With the release of pressure from 
this greater depth the volume of the bubbles mcreases, inci easing 

^ Relohle and TWesmg " Mitteilung aue der Kttl. Praf-Anat. fflr Waaaerv und Abwasser- 
beBeitltixnK,'’r No. 10. 
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the volume of the sludge. This, l)eing full of tluw gsis 
IS changed into a foaming mass. The incivasi^ in \ oliiiiu* nMnleis 
diainage more easy. The tendency to i)en(‘trale the surfuce 
layer of the beds is reduced. The water in ilu^ sludge* passt^s 
through the channels formed by the disappearing giis, siM‘ps 
down and drains off. If sludgo fresldy drawn froni an Minscher 
tank is allowed to stand in a glass cylindcu’ (whudi may bt* eon- 
Bidered an impervious sludgo bod) bul)bl('s of gas may ho S('en 
on the sides which gradually iiicrcaso in. luiinix'r and size*. Tlie 
volume then incieases and a layer of chMir wniU'r foiins at tlu* 
bottom. The volume of sludge al)()V(‘ the wat.(*r is not. rediKxxl as 



Fio a3 I'ld. 3‘4 l-'jii M/J 


it has a foamy structure, i.c , it contains a groat iuiinb<*r of Hinall 
and large compartments filled with gas bubbhss. 'rinV foamy 
material, being lighUn- than water, is forccxl up by tlm waltu- 
which settles to the bottom. It also H])roadH tin tlu* gas incrcniHes 
in volume. The volume of the whohj is thus iiieruased by nmiuj 
than that of the water at the bottom. 

Figs. 33 and 34 illustrate tlio process. The original hoiglil of 
the sludge is indicated by the upper (‘dg(^ of the strip of paper. 
The second cylindor shows how tlio water has sottleil afl.m* 21 
hours and the entire volume is increascxl, 'l^Jio (liiri la>er of 
sludge at the bottom is composed of luxivy particl(*s which aris 
deposited later, as shown by the solid particles just sinking. 
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This method increases the ease of drainage appreciably. The 
watei can filter through unhindered as it reaches the porous cover- 
ing containing no sludge 

Fresh sludge is just the leverse in this respect. The water 
does not sink, but rises. Fig 35 lepresents fresh sludge from the 
clarification plant at Essen 24 hours after being placed in the 
cylinder The upper edge of the paper indicates again the oiig- 
inal surface of the sludge. It can be seen that the sludge has 
not risen and that duty water is on the top. 

In order to show to what extent the enclosed gases cause 
these phenomena m decomposed sludge and whether a subse- 
quent evolution of gas assists, I expeiimented with a sample of 
sludge from Essen-N. W. by warming a portion of it for two 
hours at 99° F. (37° C.), and stirring it frequently to lemovd the 
larger gas bubbles and then removing the gas as much as possible 
by subjecting it to the vacuum pioduced by a good ejector while 
shaking it frequently. The sludge sample so treated and an- 
other without having the gas removed were allowed to stand 24 
hours with as uniform a temperature as possible. 

The ouginal amount and the increase m volume and the set- 
tled water were measured 


TABLE IX 


SLUDan FROM Tank No 5 of the Essen-N. W. Plant 



1 In ongmal condition 

2 With gas removed 

Gain 

c c 

1 

Gals I 

1 

c c 

Quantity at boginnlng of 
c^porimont 

Aftor 24 bourn 

IncroiuBO iu volunio 

Sumo lu per aonl of ) 
onRinul junouut J 

Water Hopamted 

Slime in per oont of \ 

0 1000 

0 1400 

0 0304 

27 7 

0 0106 

0 

416^ 

530 

115 

below 

1 40 

04 

1 

0 0832 ' 

0 0937 

0 0105 

12 7 1 

0 0040 

4 

1 315 

356* 

40 

above 

I 15 

76» 


oriffinal amoimt 


Tho temperature at the beginning was 60.8“ F. (16 0“ C.) and 
at the epd 59.9“ F. (15 6“ C ) 

i426inong«.al •«6morigfaua Uamondnal The fo^omg lUteratians mirfe 
to secure oonsistent resulto aa the original flgu«s are erronaoua Tr 
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It is au astonishiiif!; fart thal in of tlio hmhomm! iIumo 
■ was a pcrceptiblo in('rca.st* in \ohinu', tlii.s wa^ ih»I 

quite half so largo a^ l)(‘fort‘. 1( is possiblo, tnlluM* llnil tin* 
was not outiroly roniovod and that a IhicLor moro la\or 

had accumulated m the lo\\(‘r ])ar(. of tin* sliid*;i‘, ftncing up (ho 
lighter parts, or else that, on account of (In' jic(ioii of haoioiia 
and eiizymos on the sludge*, tln*ri‘ wa^ a fui(h(‘r c|o\ chipiiioiM of 
gas, thus incroasing the voluino. rro1)al»ly l»olli llii'so \ir\\s 
are true.. 

Experience in METinms op Huatnino vt IjAIu.i: Tiam's 

These experiments show tliat with propt*!* [irt'liiiiinnry troal- 
ment (docompositioii under wati*r in deep laidvs) shnlgo cm 
drained drying beds may bo easily S(‘|)arul.(‘d into a spadable 
earthy material and a liarinh'ss licpiid whicli lias the churnct er- 
istics of ail effluent from conta(*t beds. 'Pln'si' t‘\periinents, 
although suceesvsful on a small scale, do not solve tin* question as 
to the applical)ility of this method to a liu'ge plant. 

Drying sludge by di*aining lias l)o(‘u iiractisi'd on a large scale 
at RecklinghauHon-Ost (2S,()0() inhabitants), Mssc'ii-N \\\ 
(60,000 inhabitants) and liochuni (i;h), ()()() inhabit unis), ns well 
as at several smaller plants. Tim msultis have* 1 m*<‘1i much rnon* 
favorable than was anticipati'd. Much material is aiailnble 
regarding the results of drying at tin* mori* accessibh* f»l tin* t\Si» 
large plants, that at Essen-N. \V., (*olli'c1(‘cl l)y op(‘rj\ling eiigini*er 
Blunk, in so far as it r(*Iat(*H to tin* m(‘asureui(‘iit of the depth of 
sludge and the time of drying, in coinu*c(eon with estiniiites for 
the contractors for tho removal of the sludgt* authorized l»y the 
Enischer Association. Tlu'so nu‘aHur(*mi'nt.H lia\e been shown 
in diagrams (not reproduced). Tlie rainfall was iiu'asiu'ed by 
Mr Winter, Municipal HupeiinUauhmt of (Mariiicalioii, at the 
Essen plant. 

Descri'ption of Drying Beds. -Tim drying bed at Ksseii-N. W. 
for sludge taken from a tank ao.ri ft. (!) in.) deep lii'M Hi‘vi*i*al 
meters below tho surface of Urn ground and is artilicially drained 
by an underground conduit laid paralli*! wUli tho Htreain 
which it oniptios, and has au outh't bi'low a thim. The UimI is 
supplied with drain pipes laid (‘lul to imd, at intervals of s/J lo 
9.8 ft (2.5 to 3 in.). - These lead to an opim ditch surroumling 
the bed. Above the pipes is a layer of furnace slug 12 in. (30 cm.) 
thick, and above this a layer of crushed slag 8-10 in. (2 cm.) 
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thick (Coke cindeia are sometiines used in place of the latter, 
as tlioy aie often cheapei). In recent plants having a sand 
catclioi the gut taken fiom this is used As this contains no 
floating pai tides it need only be placed in thin layers 

The diying bed is divided longitudinally hy planks into 3 paits, 
niiinbcied I, II and III They are 3465, 3411 and 3153 sq ft 
(322, 317, and 293 sq m ) in size Each has, along the middle, 
lails Biippoitcd by piles for cairying the sludge away. The 
plant began operation in December, 1908 Sludge was placed 
on beds I and III Apiil 8, 1909, and on bed II April 10, 1909. 
In a 81101^1 time (3 to 5 days) it became spadable, but was not 
icmoved from the beds until Apiil 19, 1909 (Time of letention 
9 to 1 1 days ) 


Note by Translator 

In the eonclusions drawn from these expeiiments no con- 
sideration has been given to these fiist drainings, as it could not 
1 k‘ detei mined definitely when the sludge became spadable. The 
lesiilts that weie reached cover the period of a full yeai, endmg 
May 1, 1910. 

The septic sludge received by the drying beds was as follows 


Bod number 


Month, 1900 

I 


II 

III 

Total 

Cu vcLs 

Cbm 

Cu yds 

Cbm 

Cu yds 

Cbm 

Cu jda 

Cbm 

Mav 

3/50 3 

271 fl 

424 1 

324 2 

360 4 

275 6 

1139 S 

871 3 

June 

30S 1 

273 8 

204 S 

202 4 

337 3 

267 9 

960 2 

734 1 

Julv 

271 7 

207 7 

201 2 

163 S 

176 6 

134 2 

648 4 

495 7 

AuKUHt 

278 1 

212 6 

337 2 

257 8 

326 5 

1 240 6 

1 

941 8 

720 0 


The total for June, July and Augiist was about 2550 cu yds. 
(1950 cbm.) in 92 days, giving an average of 27 7 cu yds 
(21 2 cbm.) of septic sludge per day contaming about 80 per cent, 
moisture 

According to Spillner and Blunk‘ the mean daily flow of 
sewago to the Essen-N W. plant was, at the time under con- 
sideration (1909-10), as follows: 

‘ Teeh. Bemdnd.. VoL XIII (1910) 
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Sewage from 60,000 i)eis<ms 

2 

771 

mil 


10,501) 

chm 

312 

O' 

Wastes from Krupii’s woi kh 

0 

ni 

mil 

Sill 

36, 000 

(4)111 

(»3 

7' 

Mine draiiiago 

0 

'2i\\ 

mil 

Sill 

1000 

(4»in ) 

1 

3' 

Coal waslung water 

0 

1.3 

mil 

S'll 

.500 

(4)111 J 


TotaP 

V2 

tiS 

mil 

Sill 

IS.OOO 

cbm. 

100 

0' 


If we assume this volume cu{iiivalenl In lluil. <l(‘riv(*tl frtun u 
population of 05,000, wo liavi' 

Volume of sewago per capita daily S gallons '7HS lit 

Volume of wet sludgo per thoiisund persons 

doily . t*u. ,\ds I'lun. 

Volume of wet sliulgo per million gallons 

sewage 2 lU <mi ,\ils 

Volume of wet sludge pei* cubic meter sewage, . ! 1 2 lit . 

The lesults of opoiatiou show tluii» lh(* cxptM'Uiliou.s from I lit* 
methods adopted for dnumigo luivo rtMilizt'd. hi spilt* of 
an unusually wet year, sludge averaging 0 im (21i cm,) in tleplh, 
became spadable in 5 87 days. Somtdimes, in tlry wt‘allu*r, it 
diied in 2 days, as May 11 (III) and May 20 (11); in S(*ptt‘inl)i*r 
sometimes in one day 

In the 365 days under (‘ousideration, tlie drying l»t‘ds wert*: 

I Occupied 236 days Kmi>i.y 120 (hiys 

II Occupied 246 days Ilmpty 110 d.*i>s. 

Ill Occupied 204 days Ilmpty SI days. 

These figures show that the beds were not compl(‘ft‘Iy ulili/iMl 
although their area was Imt alioui. 0681 stp ft. (000 Mp m.), 
making, for a population of 60,000, only O.lOl sq. ft. (0,015 stp 
m.) per capita The tables show, inortMiver, that nhitlge is 
seldom removed in winter. As it talv(*H longer to iltM'tmipoHt* iiinl 
to dry in winter than in slimmer, can* was taken lo pnivitl(‘ as 
much storage capacity as possible in the dc‘(*j) sluilgt* t;lnimlH‘r\s in 
winter In this way one is iiuh'pendeut of tin* wi'tilher, as it is 
only necessary to discharge sinall (piantitit'S of sludgt', lUul these 
at long intervals. 

Table X shows the changes wliicli sludge uiulergocs in drain- 
ing The amount was reduced 45 to 58 p<M’ uent. in weight, 60 
to 77 per cent, in iiioisturo and 0.1 to 0,9 per cent, in drii*d 
material. 

* The Knipp wastoa oontiiln the «^wafl;o and water In lavalorlwi fnuii ahoiit 10,000 
workmen The sowora are on Iho combined Hyiitnm, The tlmpOMal workn nonniiit tif lw*» 
grit chambers, one coarse screen and nine ISnwohor tonkH. Thenu were Imilt In HHI? S 
and put in operation November, 1008. 
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TABLE X — Continued 

ESSEN-NoHDWEST CLAHIflCATION PLANT ChAJ^GES IN SlUDGE BY DRAINAGE 
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HEWMUi tilAUHIH 





5 dav ** 46 09 tons 24 4T *ons 
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Thirteen analyses gave an average of 52 3 per cent moistuie 
in spadable sludge 

Drainage Water — Diainage water, of which seveial samples 
were taken, showed the same favorable characteiistics as in the 
experiments desciibed 

2A-Hou) Samples . — In order to avoid any accidental eirois in 
sampling and in order to show the changing composition of the 
diainage water in the couise of the experiment, continuous 
average samples were taken on August 12 and 13, 1909. The 
samples, which were taken hourly from all of the 15 effluent 
di*ams, were mixed together for each 3-hour sample and ex- 
amined The lesult of these analyses is given in Table XI 

TABLE XI 

Essbn-Nordwest Clapitication Plant 


Drainage Water, August 12 and 13, 1909, from Bed III 


Time 

10 15 
to 

1 16 

1 15 
to 

4 15 

4 16 

to 

7 15 

7 15 
to 

10 16 

10 15 
to 

1 15 

1 15 1 
to 1 
4 15 ' 

1 

1 

4 15 

to 

7 15 

7 15 

to 

10 15 

Qnllons per penod' 

296 0 

193 2 

180 4 

164 9 

142 7 

123 0 

88 9 

83 7 

Liters per penod‘ 

1.120 4 

731 4 

706 6 
Porta p 

624 0 
er Milho 

640 7 
n=>Mg 

465 6 
per bter 

336 6 

316 7 

JlosLduo on evapora- 







2.612 6 

2.560 0 

tlon 

2,713 6 

2,831 6 

2.035 5 

3,012 0 

2,863 0 

2,713 0 

Rosiduo on ignition 

2,208 6 

2,440 6 

2,401 6 

2,678 5 

2.557 5 

2,427 5 

2.286 5 

2,229 0 

Iioas on ignition 

415 0 

391 0 

444 0 

433 5 

305 5; 

235 5 

326 0 

331 0 

Ohlonno 

426 0 

488 0 

520 0 

544 0 

556 0 

660 0 

556 0 

540 0 

r^ltrogon, total 

47 6 

47 a 

53 2 

47 6 

40 7i 

' 61 8 

51 s! 

49 0 

Nitrogen, as H4N 

21 0 

23 8 

23 1 

24 6 

30 1 

35 0 

36 4 

1 33 6 

Orgonio nitrogen 

N in nitrates and 

0 7 

1 4 

3 5 

1 4 

2 3 

2 1 

0 7 

' 1 4 

uitnloH 

25 0 

22 4 

26 6 

21 7 

18 8 

14 7 

14 7 

14 0 

Suspended matter, 
total 

79 0 

01 0 

69 6 

44 4 

’ 46 2 

67 8 

194 2 

159 6 

Mineral 

53 0 

64 8 

60 0 

27 8 

31 8 

41 6 

145 4 

116 8 

Orgunio 

PutroHCibllity 10 days 

26 6 

26 2 

19 fl 

1 16 6 

14 4 

16 2 

' 48 a 

>1 42 8 

1 Not 

atonigu in closed 

Not 

Not 

Not 

Not 

Not 

Not 

Not 


dnak. 

putroao 

pntreso 

putreso 

jputi^c 

putreac 

putreao 

1 putreso 

1 putreso 


It shows that the drainage water meets the demands of a 
biologically puie water, for the mtrogen is almost entirely 
mineralized and the liquids show no signs of putrefaction (HjS 
reaction) even when kept for 10 days in a closed bottle. 

I The word “Stunde” la taken to mean period ratlier than Aoixr.— Tr. 



170 


SEWAGE SLUDGE 


Drainage, therefore, fulfills all expectations from the experi- 
ments as to time of drying and composition It is employed at 
the six plants now in operation in the Emschei Distiict 

Removal of Drained Sludge — ^At one of these plants (Reck- 
linghausen-Ost) the drained sludge is sold as a fertilizer to the 
farmers at 12 cts, (50 pfg ) pei cartload (at the dumping ground) 
In the 3 years during which this plant has been in operation, the 
demand has exceeded the supply, so that the sludge is usually 
sold long before it is prepared. 

When no f aiming is cairied on in the neighborhood, drained 
sludge is used for filling in land. It is particularly well adapted 
to this as it does not soften with the rain and is so firm that large 
deposits of it can be walked on without sinking 
At Essen-Nord, which was built this year, attempts will be 
made to dry the drained sludge from 180,000 inhabitants in 
furnaces, similar to those used for the incineration of street 
sweepings. 

In the 15 plants to be built this year in the Emscher District, 
draining beds for drying the sludge have been planned and are, 
in paiii, constructed. 
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TRANSLATED BY 
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INTRODXJCTOllY NOl’E 

The foregoing paper by Dr.-lug. Spilliu'r pnwiilH in a com 
pact foim the icsults arrived at by tlie JOiuHclicr Aasiici!il loii in 
the operation of the type of Hedimcntaliou tank devised by Dr. 
Ing Iinlioff for the Aasociatiou up to tlio end of li)(ll). 'I’lio 
viewpoint taken is, naturally, that of (.he scieiitLst, and (he 
eonelusions diawn are largely from chomical and jiliysical (e!..(s 
of samples taken during tho operation of the H(*v(M’al trea(.menl, 
plants. 

This paper is now very appi opriately Hujiplcmu'iited by oiio 
bringing tho subject up to the, present year written liy Dr.-lng. 
Spillner in conjunction with Mr. Blunk, the eiiginecu' in cliargo 
of operation. This, therefore, not only has the advantage of 
a longer e.\;pericneo with this ,nio<l« of treal.iug sewage, and of 
the various comments and ciiticisms eonct'ruing tht' lOmschcr 
tank that have been made during tiio past year or two and 
which are, m effect, answered in this way, but of tin* aildiliomd 
opinions formed by one intimately eoniu'cted with the plaids 
in their vaiying conditions of actual operation. 

More or 1(>hs matter in the original text is, almost lu'cessarily, 
a lepotition in new form of what was eontaini'd in K])illiu‘r’s 
original paper. So far as eonsistont with tlu' projx'r form and 
interpretation of this later work such matter has bi'en omideil 
m the translation, the reader being referred to the earliei* jiaper. 

K. A. 
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RESULTS OF THE OPERATION OF SOME OF 
THE MECHANICAL SEWAGE CLARIFI- 
CATION PLANTS OF THE EMSCHER 
ASSOCIATION. 


Mbasurbmbnts op the Sludge 

The (quantity of sludge contained in each tank of the sewage 
cliinhcatioii plants at Essen, Recklinghausen and Bochum was 
iiicasiirod at iuteivals of ten days m older to control piopeily the 
treatinent of the sludge. These measurements were made by 
sounding with a thin sheet iron plate, as the surface of the sludge 
is always hoi izoutal and compact or dense enough to sustam the 
weight of the light plate. In this way the depth of the super- 
lucuinbeut liquid was readily determmed, and thence also the 
volume occupied by the sludge. Any decrease m this depth 
represents a correspondmg increase m the volume of sludge. 
The quantity of water contained in the sludge varies at different 
depths in the mass, but the error in measurement caused thereby 
is Imlaiicod in the successive observations, as the proportion is 
approximately constant These soundings are entered in a 
special book, and the correspondmg volumes of sludge are 
subsequently computed and recorded m the office 

For convenience of inspection the records are also kept in 
diagram form, with the ordmates representmg the total quantity 
of sludge deposited and the abscissas the number of days elapsed 
from the outset. The discharge of sludge from each tank is 
similarly recorded and shown on the diagram. By properly 
connecting the successive points thus located, the diagram for 
each plant will exhibit two more or leas irregular Imes of which 
the upper one shows by scale the total volume of sludge de- 
posited, while the lower one shows the total volume of sludge 
dischfirgfld, since the day that the plant was put m operati^; 
and le volume of sludge contained in the tanks 
will he represented hy tlm difference between the ordinates of 

time or day. The diagram 
the 

iHliifS 


^ f iT 


ro 

Ifbf that tune, or day. The diagram 
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also enables ns to determine approximately how lon^ iIk* 
which was removed lemaincd in the lank. '^rJiis is thuie 1)V 
simply moving to the left the oicliiuitc* of tlie Io\\(‘i‘ lini* milil 
it coincides with the equal ordinate of tJie u])per liii(‘, .‘uid noting 
the coiresponding interval on the axis of abscissas uliich shows 
the number of days. Seveial sikjIi diagrams ar<' giv(‘ii in tlio 
paper, but with one exception are omil.led. 

For example, the diagram for Mie Kecklingliausen jilaiili 
shows that on April 20, 1909, the t.otal dc'jiosit of sliulg<' was 
2609 cu. yds. (1995 cbm.), and that on the same day 5!) cu yds. 
(45 cbm) were discharged, the total i^n'vious discJiargc* liaving 



jiiiaii 

iisai L 

jiiiiili! 




Fio 36 — DioBnim showing liioreiwo of h1ui1«o in fho UorklUittliiiiiMoii (»m( 
(''liirifinution Plun I 

The upper lino reproHontH tho nRp:roffiit<5 volume of depo'ihed iinil flu* lower line 

represoQta tliu uffgroiJtulo vuluino uf HluUftu diHitlmrKiHl 

been 1910 eu yds (1400 p))m ); hence on tin's day the iiftwreKnlo 
discharge was 1910+59 = 19(59 eu. yds. (1505 ebm.). Uy 
moving this ordinate to the loft until it iu<.orHPct8 the upper 
line representing tho total sludge dopositod, it will be found Unit 
this intersection corresponds on the axis of abscissas to Oct. 17, 
1908, thus indicating that the sludgt* wliich was I'enioved 
on April 20, 1909, had remained in tho tank for a pt'riotl of six; 
months In reality, however, tho poi-iod of detention in (ho 
tank IS considerably less, as tho sludge does not descend or move 
at a uniform rate from the surface to the mouth of tho discharge 
pipe in the sump at the bottom of tlie tank. 
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Before and after any sludge is discharged from a tank, the 
position of its sui-face is always cai’efully noted by soundings, 
as above described The difference between these two measure- 
ments gives the quantity lemoved, which is checked by measur- 
ing the depth of the mass at a number of places upon the level 
diying bed or filter. If made quickly, or before an appieciable 
quantity of water escapes into the underdrains of the bed, the 
two measurements agiee closely. 

The amount of water in the discharged sludge varies with the 
depth of the tank and the age and chemical composition of the 
sludge As will be shown subsequently, it contains on the 
average about 75 per cent, of water as it leaves the tank; and 
after being allowed to diain for a few days upon the drying beds, 
the quantity of moisture reduces to 52 per cent, at Essen N. W. 
and 65 per cent at Recldinghausen, or to 58 per cent on the 
average By this diamage the volume of the sludge is reduced 
about 40 per cent., and it then becomes consistent enough to be 
spadable, oi to be cut and handled with a shovel 

The authors exhil^it in diagram form the results attained with 
the sludge of the Essen-N. W. plant for the year from April 1, 
1909, to April 1, 1910. There are three separate sludge draining 
beds, and the observations relating to them during this period 
are shown graphically. The several Imes indicate the date and 
quantity of sludge discharged, and the subsequent date and 
volume when the sludge had become spadalile and was removed 
from the drying bed; also the depth of the rainfall and the date 
of its occurrence. When first taken from the tanks the sludge 
contained from 72 to 75 per cent, water, and when finally cairied 
away from the bods it contained fiom 55 to GO per cent water. 
The abscissas indicate the number of days required for the sludge 
to become dry enough to handle with a shovel Thus on October 
6, 1909, 95 6 cu. yds. (73 cbm) of liquid sludge was dischaiged 
upon bed No. I, and only three days later it was found to be 
spadable, its volume having reduced to 63 1 cu. yds (40 5 cbm ). 
In this short period the shrinkage in volume was 42 5 cu. yds. 
(32.5 cbm ) or 44 5 per cent. 

Another diagram shows the accumulated volumes of liquid and 
drained sludge during the twelve months mentioned, each by a 
continuous line or curve It shows that during this time 7194 
cu. yds (5600 cbm.) of liquid sludge had been discharged from 
the tanks, and that this volume had been reduced by dramage 
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to 4709 cu. yds. (3600 cbm ),tluis making the avoragi' sliiinkago 
in volume 35 per cent. The preceeding diagmiiiH also iiulicati' a 
large vaiiation in the time required for the sludge to liocomo 
spadable, but the reason therefor becomes evident on comparing 
these peiiods with the corresponding rainfall Thus on iluly 13 
and 14, 1909, all of the beds had boon filled with kludge, and in 
the afteinoon of the fourteenth, an excessive rainfall oc<'urrcd 
that yielded a depth of 1 34 in , and by the failure of an embank- 
ment caused the sludge beds to become covered with water to a 
depth of 8 in. In consequence of this accident the sludge in one 
of the beds did not become spadable until July 27, a iioriod of 
14 days, although a much shorter time sufficed in the other beds. 
Such cases, however, «re exceptional, and the avei’ago p(*riod, 
including rainy weather, is from 6 to 7 days. 

In dry summer weather, the drainage or drying is froqiK'utly 
accomplished in two or three days, while in severe winter weather 
a somewhat longer time is required, as the water in the sludge 
may then freeze This freezing is troublesome, as the sludge after 
thawmg IS not only rendeied nearly as wet as it was originally, 
but is also deprived of its contents of gases upon which tlio 
facility for quick drainage depends in high degi ce. This pc'culiar 
property was fully pointed out in a paper by Dr. Imhoff, in 
Teehnisches Oemeindeblatt, October 5, 1910, pji. 1!)3-19!). In 
consequence of the escape of the gases while the frozcni mass is 
thawing, the wet sludge settles upon tlio surface of the Innl, there- 
by causing it to become clogged and compelling the water tti riso 
to the top of the liquid ma.sa, as in the case of freshly deposited 
sludge. For this reason it bocoines expedient to discliargi' but 
little sludge in winter, and to make the utmost use of the storage 
capacity in the septic chambera of the deep tanks by witlidrawing 
therefrom as much sludge as possible whilo the woatluT is favor- 
able in the summer and autumn. 

The sludge beds of the Essen-N. W. plant have an area of 1077 
sq yds , and in the said period of twelve months they drained a 
volume of 5600 cbm., or 7195 cu yds., of licjuid sludge. This is at 
the rate of 6 68 cu yds. per square yard of surface per year, which 
represents a depth of 20.04 ft. on the entire surface. The li(piid 
sludge was deposited on the beds to a depth of from 8 to 10 in. 
at each application, thus requiring about 27 or 28 applicalions 
per year in order to drain the stated volume; and as tJio average 
period of time required for drainage is about 0 days to each 
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application, it follows that the sludge beds must be in active use 
foi an aggregate of 6x28 = 168 days per year. This computa- 
tion shows that in the climate of Essen ample time is available 
duiing the year for the repeated fillings, clearings and repairs of 
the sludge beds after due allowance for freezing weather in 
winter. 

At all the other plants of the Emscher Association, the experi- 
ence with the sewage sludge is similar to that at Essen-N. W , 
as described above. It should also be mentioned that at Reck- 
linghausen, Holzwickede and the colony at the Count Schweim 
Mine, the drained sludge is taken away by neighboring farmers, 
while at Essen and Bochum, where little agriculture is carried on, 
it must be used for fillmg depressions and low places, [The 
populations tributary to the Recklmghausen, Holzwickede 
and mme colony plants are respectively 30,000, 3200 and 3100, 
while those tributary to the Essen-N W. and Bochum plants 
aie lespectively 60,000 and 145,000 The aggregate dr}"- 
wcatlier flow of sewage at the first thiee plants is about 2,460,000 
IT S. gallons per day, while at the last two plants it is about 
25,910,000 U. S. gallons per day and contains much mine drainage 
and ground water The quantities of sludge produced annually 
at each plant are not given, but it is obvious that only a small 
proportion of the drained sludge finds agricultural utilization. 
Trans.] 

It is of much interest to compare the volume of the fresh sludge, 
as it is deposited in the settlmg chamber or upper portion of an 
Emscher tank, with that of the decomposed liquid sludge dis- 
charged from the bottom of the septic chamber, and also to 
determine how much of the original volume is left after the septic 
sludge has been drained or dried until it attains a consistency 
like that of moist earth which can be cut and handled with a 
shovel. Let us assume that the fresh sludge contams 95 per 
cent, water. After remaining for several weeks in the septic 
chamber, it will contain only 75 per cent, water, and about one- 
third of the original quantity of organic matter wiU have been 
gasified. In lOQ cbm. of fiesh sludge there will accordingly be 
6 cbm. of dry solid matter, of which 65 per cent, on the average, 
or 3.25 cbm , will be organic matter. Since one-third of this 
Tatter substance, or 1.08 cbm , becomes gasified, the remainder 
wfll be; (3,25 - 1.08) =2 17 cbm. of organic matter. The mineral 
mMterc iLipounts to 5X035 = 1.75 cbm , and hence the origmal 
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volume of 5 cbm. of dry solid mattor is roducod to (2,17 H- 1 7r») r= 
3 92 cbm., of which 55 per cent is organic and 45 per cent., miiiei al 
mattei. The septic sludge, however, contains 75 p(*r cent, 
water; hence with this addition of water the 3.02 (*1)111. of 
resultant dry solid matter will have a volume of 3 02X4 - 15.().S 
cbm. The original volume of 100 cbm. of fn^sh sliulgc* lias 
thus reduced to a volume of 15.7 dun, of the Injuid septic sludge 
yielded by an Emscher tank. This represent.s a shrinlvago in 
volume of about 84 per cent. 

Furthermoie, this liquid septic sludge shrinks about 10 ])(n* 
cent in volume by drainage u^jon the beds to a spadabk* con- 
sistency. Its volume in the aforesaid case is thus n‘dnc(‘d to 
15 7X0 0 = 9 4 cbm, and hence wo havo a total reduction in 
volume of (100—9 4) =90.6 cbm., or nearly 01 ])(‘r cent., of tiu' 
original volume of 100 cbm of freshly deposited sludge'. 

Examination of thf Liciuin Sludcjw 

The data given in the tables refei to average sainph's of the 
sludge. In collecting samples for examination, a sinall portion 
of the liquid is taken at regular intervals during the p(*riod of 
discharge as it flows in the open trough on its way to tin* sludge 
bed, and by mixing together all those portions an av(*rage sainph^ 
is obtained. These avciagc samples aic jdaced in tightly closc’d 
jais and brought to the laboratory, wlu'ro tiny an* usually 
examined on the same day, Tlie examination gcMU'rally em- 
braces the following detenuinations: 1. The external p(‘culian- 
ties and smell, 2. tho amounts of coulaiiu'd wat.c'r and dry 
matter; 3. the proportions of organic- and mineral Hiil)stanc(' in 
the dry matter; 4. amount of total nitrogem in the dry matter; 
5. reaction, alkaline or aedd, 6. amouriL of fat in the dry matti^r; 
7. amount of gas-making matter and fixed (Uirboii, Iiy coking; 
8 amount of silica, iron and alumina in tlm ash. 

The results of a number of such sludge analyse.s are given on 
pages of Spillner's paper on '*Th(i Jurying of Sludged* Theso 
data are now supplemented by tho tables givc'U in tho prestuit 
paper 

The sludge that is decomposed in tho deep Emscher tanks 
is very black in color, and has the consist(mcy of a more or 
leas thick gruel. It is usually quito licjuid, and flows easily 
in a trough. In this state it is diflSicult for th(i unaided oyo to 
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recognize the nature of its various components. Its reaction is 
always slightly alkaline. It has a faint odor of india-rubber 
01 tar, even in localities wheie the liquid wastes of coke and gas 
works aie not admitted into the sewers. This tarry odor is due 
to the activity of certain micio-organisms, and is also found m 
well-decomposed river mud and the sludge from other well- 
ripened septic tanks. It is always faint, and can be detected only 
in the immediate vicinity of the mass; hence it cannot pollute 
the atmosphere sufficiently to be regarded as a nuisance if the 
sludge is properly decomposed. Every Emscher or other septic 
tank, however, requires a certam peiiod of time after being 
placed in seivice before its operation becomes satisfactoiy, and 
therefore it may happen that a seiious nuisance will arise if the 
sludge is discharged too eaily upon the drainage beds. Such a 
condition occurred at two of our plants, Recklinghausen and 
Bochum, before we had learned by experience how to prevent it, 
but after they had been in operation a sufficient length of time 
the development of all disagreeable odors ceased If it becomes 
necessary for any leason to dischaige undecomposed sludge dur- 
ing this ripening period, the material should be tieated like other 
freslily deposited sludge, such as quick buiial in the ground. 
The large amoimt of gas contained in Emscher tank sludge, 75 
per cent, of which is methane (CII4), and therefore combustible, 
and 26 per cent carbonic acid (CO 3 ), has already been mentioned 
in Spillner’s eailier paper. These gases also contain traces of 
hydrogen, nitrogen, ammonia and sulphuretted hydrogen. The 
part played by these gases in rendermg the sludge mobile and in 
facilitating its di’amago and drying has also been explained. 

The specific gravity of the sludge obviously varies with the 
amount of gas present. This is demonstrated by the fact that 
from time to time large quantities of sludge will detach them- 
selves from the bottom of every septic tank and rise to the sui- 
faco of the liquid, where they discharge their contents of gas and 
then sink again to the bottom. Sludge that is free of gas has a 
specific gravity of 1,09 to 1.22. 

Details of analyses are given in the following Tables I, II and 
III, relating to the Recklinghausen, Essen and Bochum plants. 

In regard to the analyses at Recklinghausen, it should be 
remarked that since the end of 1908 this sludge cannot be con- 
sidered as normal Emscher tank sludge,^ because the capacity 
of the plajEit has been greatly exceeded* by the unexpectedly 

i ^ ^ 
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rapid increase in the quantity of sewage, and hence the time 
required for a thorough decomposition of the sludge is no longer 
available. The quality of the sludge, moieovoi, is different 
fiom what it was formerly. No bad results, however, have ^''ct 
appeared, as the change in quality is manifested only by the 
laiger water content of the sludge, and the longer time required 
for its drainage on the beds, but it does not become putrid in 
diying, which is the main thing to be attained. It is intended 
to relieve the tanks to some extent by first passing the sewagci 
through a detritus chamber which will extract the sand and 
other heavy matter. The rapid increase in the ([uantity of 
sewage fiom the other cities will also affect the lomaining iilants 
by reducing the time available for the decomposition of the 
sludge 

Table I gives 30 analyses of liquid sludge from tlie 0 Enisclu'r 
tanks of the Recklinghausen plant, taken on 15 different days 
between June 14, 1907, and Septembci 2, 1910, throe or four 
analyses of the same date often lelating to tho sludge fiom 
different tanks; the depth of the tanks is not stated. The 
essential figures ai e as follows . 


TABLE I 

Analyses op Emschbk Tank Sludge Recklinci hausen 


Miix 


Mill 


Avt'niR^ 


Water content, per cent 
Dry matter, per cent 

Mineral component of drj' mutter, per wnl 
Oi^mo component of dry matter, per cent 
Nitrogen component of dry matter, per cent 
Tat component of dry matter, per cent 


88 3 
2r) 0 
64 4 
50 2 
S M 
10 70 


75 0 
li 7 
40 8 
85 0 
1 18 
5 17 I 


82 0 
17 I 
5.1 7 
45 8 
I 74 
0 87 


Table II gives 16 analyses of liquid sludge from the 9 Emselicr 
tanks of the Essen-N. W. plant, taken on 16 different days 
between April 4 and October 11, 1909; 6 of these analysc's refer* 
to either mixtures or averages from 2 or 3 tanks All these 
tanks are 9 m. = 29 5 ft. deep. The essential figures are as 
follows 



SE\VA(}E CLARIFICATION PLANTS 


181 


TABLE II 


Analyhbm op Emschkii Tank Sludge Essen 



Max 

Alin 

Average 

iiti'r fioiitoiit, por oont 

81 8 

71 S 

1 75 6 

Drr niiitliT, i»or <u*ut 

28 7 

18 2 

24 4 

MuHTiil ruiuponont of tlry miitlxjr, por oont w 

53 5 

37 6 

45 1 

Oi*^iiuu oouLpoiiont of dry matter, por cent 

62 4 

46 5 

54 9 

Nitmpct'Ti ooiupouent of dry mattor, per cent 

1 43 

1 02 

1 22 

l'’ut I citiipoiient of dr\ miltor, percent 

7 30 

3 44 

4 05 


'"J’iiblc III gives 24 analyses of liquid sludge from the 18 
I'liiisehor tanka of the Bochum plant, taken on 11 different days 
between I’cliiuaiy 11, 1909, and December 13, 1910. All of 
tJieac nnalyscs refer to single tanks; the depth of the tanks is not 
si !i 1 oil . The essential figures ai e as follows: 

TABLE III 


Analyses op Embcubk Tank Sludge Bochum 







Max 

Min 

Average 

Water pontont, por oont 

S3 Q 

70 9 

78 1 

l)ry maitor, por oeiil 

29 1 

16 1 

21 9 

AHiittnil i‘omponoiit of dry mattor, por oont 

71 5 

40 3 

61 9 

( < omponont of drj' mattor, per cent 

50 7 ' 

23 5 

38 1 

oompoiioiit of dry matter, per oont I 

1 50 

0 87 

1 18 

Fill rcnuiiniiont of dry matter, per oont 

12 30 

3 53 

6 12 


ri. has boon observed that the water content of the sludge 
dc‘pt*itila in high degree on the depth of its sui'face (as determined 
by Noiiiidiiig in the manner desciibed in the foregoing) below 
1 Uo Hill face of the water in the tank, and also upon the age of the 
Hluilgf. If a tank contains only a small quantity of sludge, the 
presumption is that the sludge was deposited quite recently and 
thal. it will contain a relatively high percentage of water. This 
is ulwiiys the caso in our tanks at the end of summer, as they 
iiro operated so as to discharge as much sludge as can possibly 
1)0 tlviod during the warm season, and thus make room in the 
tanka for the accumulation of sludge during the frosty days 
when it cannot be discharged upon the drainage beds On the 
other liand, if the septic chambers are filled to a high level as 
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will be the ease in plani.s of rapju'il \ l<» linM tlu* 

accumulations of from 2 to t luoiilhs, I lie shulfit* will c<iii(jun a 
very low peiccnta^o of wut.(*], N'lu* normal low porcfiitant* ati 
the Bochum iuid lOsscii i)hui(,s is al)out 7li |)i‘r 

The easy separation ol tJio liiiiiicl slud^i^ inh> water anti a 
spadable mass is exjdainecl not only by liii‘ ad ion t)l lln* ^•aw‘s 
alicady mentioned, but also by tin' fact that tin* oi^aiiic nintlor 
has undergone an extensive decomjiosil ion. irnfttrtunah'lN a 
measure for this deconiposit.iou eanimt bt* d(‘diicetl from tin* 
available analyses, as the data ait* not sidlieii'nlly coinpli'lo to 
admit of a comparison with tJie composition of tin* frosh slinlgo; 
but other iiivestigations an* now in i)rogrt‘hS from which il will 
be possible to make such a coiniiarison We can, Imw’tw er, form 
a rough estimate of the extent of tlio slinlgi* desl ruction uv 
digestion by considering the volume of the gases prndinaul. 
Several measurements of this volunn* w'l'i’o inadi* at Msseii-N. \V., 
and it was found that tlie jilaiit yieUled from 21,700 to HI, SOU 
cu. ft. (700 to 900 obiu ) of gases ])(‘r day. 'J'Jn^ weight of hucJi gas 
is about (1 GS55 lbs. per cubic jmrd, or 0.002 1 lbs. p(*r cubie foot) 
(1 kg. per cbm ), and hence from ir> tO to 1981) lbs. (700 to 900 kg.) 
of organic matter in the sliidgi^ were gasilied every day. 'J'ln^ 
records show that during that ])eriod tlio averiigi* daily produc- 
tion of decomposed Inpiid sludge w'as IS HI cu. yds. (1 I cbm,), 
of which 24 per cent was dry inu(.tc*r; and as (lie spt‘citic gravity 
of the sludge is approximately 1,00, tJn* daily yii‘ld of <lry 
matter was accordingly 4.H9 cu. yds, (H.HO cbm.) or 7*107.0 lbs. 
(33G0 kg,), of which about 55 pru- cent, or d07S.5 ll)S. (iSol) kg.) 
is of organic nature. Lot us now asHiune that the loss or de- 
struction of organic matter in tlu^ slinlge takt*H j>lact^ (‘\clusively 
by gasification, as wo do not yet know tli(> proportion therenf 
that is lost ])y becoming Ihpielu'cl; this daily loss will (hen be 
repicsentcd by the aforesaid weight of 1540 to I9S() lbs. (7(H) In 
900 kg ), or 17GH.7 lbs. (SOO kg.) on the average, of gas j)r<aluced 
every day by the tanks. Wy adding Uiis loss to the afon'said 
residual organic matter in tlie d(*composi‘d Ihjuid sludge, we will 
have for the daily quantity of organic matter that rc'uch<‘H the 
tanks* 4078.5 + 17G3.7 = 6842.2 lbs. (1S50 4-800 = 2050 kg.). 
From this computation it is seen tJiat about oiuvthinl of thn 
organic matter contained in tlio fresh sludge is lost or di‘strtiyeil 
by gasification. [Provided that no liquefaction occurs. It 
should also be remembered that those figures cannot bc» cJieckcd 
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by tlae actual amount of organic matter in the freshly deposited 
sludge, which was not aacertamed. Trans ] 

The foregomg figures cannot be regarded as being generally 
con oct, as they relate to only one plant and a few measurements 
of the gas there evolved They afford, however, some means of 
estimating how much sludge is lost by gasification in a properly 
working Einscher tank located in our climate Reference may 
also be made to the experiments of Favre and Spillner for detei- 
milling in another manner the loss of sludge by decomposition 
in a septic tank, published in Gesundheitsingenieur, 1907, p. 810 
and 1909, p 825, respectively. 

The septic liquid sludge is a watery mixture of mineral and 
partly decomposed organic matter. On evaporation, the 
n^sulting diy matter has usually a gray color, but sometimes 
it is brownish-gray It has little odor, and that which is devel- 
oped when heated to 212° F. usually resembles the odor of 
jicptone In most cases it contains few recognizable materials, 
Imt when such are found they are commonly bristles, hairs, 
stc'ins of grains, small twigs, sciaps of leather, sand, small stones, 
and fiagments of coal, bits of tinfoil, card-board, wood and 
lime, and fish-scales have also been found therein repeatedly. 

The determination of the total amount of nitrogen in the 
dry sludge is made regularly, in view of the utilization of this 
material as a fertilizer at some of the plants. The resulting 
figures have exceeded our expectations, the averages being 
1.22 per cent, at Essen-N. W, 1.39 per cent, at Bochum, and 
l./)7 per cent at Rechlinghausen. AU of the spadable sludge 
produced at the latter plant has been sold for fertilizmg pur- 
poses, and good results have been attamed therewith. 

Many determinations of the amount of fat in the dry sludge 
wore made, but it was found that it was considerably less than 
that of the fresh sludge in other cities. Thus from 16 to 17 per 
cent, of fat was obtamed from the dry matter of the fresh sludge 
at Frankfort, 18 per cent, at Luttich, 15 per cent, at Cassel and 
14 per cent at Harburg, while the amount obtained from the 
dried sludge of the typical Emscher tanks at Essen-N. W. an 
Bochum was only from 3 to 7 per cent, in most cases. ^ e 
difference must be ascribed to the decomposition attamed in tne 
latter plants. Inasmuch as the recovery of this fat has never 
proved profitable in other localities, it seems hopeless to attempt 
such a process where Emscher tanks are used. 
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Excepting the small proportion Uiat is used as f(M‘liIiz('r, (lu^ 
bulk of the drained sludge produced by the pliuil.h of th(‘ JOniscli(*r 
Assocation is used at the picsent time for filling (I('[)r(wioiiH and 
low places. 

In regard to the mineral matter of the dry sludge, a ]iuinl)(*r 
of determinations of its piincipal compoiuuits w(M’(' made. '‘Dio 
averages found at Essen-N. W. are- HiOg, 03.2!) per cent.; 

11 37 per cent.; AljOg, 6 50 per cent It thus apjx'ars that the 
mmeroJ matter in the sludge consists chiefly of sand. 

Examinations oif tiim Drainkd Sluduio 

The sludge is described as “spadalde*^ when il, cun b(‘ cut and 
handled with shovels on the drainage beds lik(^ moist (‘artli^ and 
be loaded into the train-cais provided for its transportation to 
other localities For the purpose of examination a iiuitibtu' of 
samples, depending on the size of the draiiiagci l)t‘d, are colh'etcal 
from different points and aie then mixed together; the mixture 
is regarded as representing an average sample of the luatcM'ial, 
and is then placed in an air-tight receptacle and taken to the 
laboiatory The examination is made in the same inaniior as 
in the case of the liquid sludge. 

The surface of the spadablc sludge has usually a grayish-brown 
color, while the remainder of the mass is moslly i)lack. Us 
consistence varies from doughy to crumbly, according |(> tlio 
amount of moisture present, which in turn depends on Lhe state 
of the weather and the length of tune allowc'd for drainag(x lu 
stnictuie, the spadable sludge from Einsclior tanks is invariably 
somewhat spongy. On bi'caking an air-drioil sample, I.Jio 
ruptured surfaces exhibit numerous small cavitic'S and i)aHsugeH 
penetrating the entire mass, which wore formed l)y tlu' bubbles 
of gas contamed in the liquid sludgo, and obviously facilitat.o 
both drainage and subsequent drying in high dogrotx 

As the collection of a fairly representative samph' of a large 
mass of partly dry sludge is a matter of consithTable difficulty, 
the examinations of spadable sludge have not boon as numerous 
as those of the liquid sludge. Table IV gives the rosults of 
13 examinations of spadable sludge at the Esson-N, W. plant, 
on 11 different days between April 19 and August 28, 190!); and 
with periods of drainage ranging from 11 to 3 days. 'I'ho 
essential figures are as follows* 
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TABLE IV 

Analybeh of Hfadable Embchbr Tank Sludge Ebsen-N 



Max 

Min 

Avemge 

Wiitor content, per cent 

59 Q 

47 7 

52 3 

DrY iiiaUor, per cent 

52 3 

40 1 

47 7 

Minoml component of dry matter, per cent 

54 2 

40 6 : 

46 6 

component of dry matter, per cent 1 

50 4 

45 8 

53 4 

NitroRQii componoiit of dry matter, per cent 

1 40 

1 01 

1 17 

Fat, comiionont of dry matter, per oent 

3 91 

3 02 

3 30 

Dmliia^u period, number of days 

11 

3 

7 


Tho results of 5 examinations of both the liquid sludge and the 
resulting spadable sludge at the Essen-N W plant, on the same 
number of days between May 25 and August 7, 1909, is given in 
Table X of Spillner^s paper, pages 167 and 168. 

The averages of the results found from the examinationa 
(number not stated) of spadable sludge at the Bochum plant 
clui ing, the fiscal yeai 1910-1911 are: 

Water content, 63 3 per cent.; dry matter, 36 7 per cent.; 
iiiinoi ill component of dry matter, 64 4 pei cent ; orgamc com- 
ponent of dry matter, 35.6 per cent.; nitrogen, 1.24 per cent ; 
fat, 6,91 per cent. 

Table V gives the results of 21 examinations of spadable 
sludge at the Recklinghausen plant, made on 9 different days 
between May 27, 1908, and October 10, 1910 Two of these were 
made in 1908 and the remainder in 1910 The essential figures 
arc as follows 


TABLE V 

AnajLiYses op Spadable Emscher Tank Sludge Recklinghausen’ 



Max 

Min 

Average 

Water oontout, por cent 

Dry matter, per cent 

Mineral component of dry matter, per cent 

OrKUuio component of dry matter, per cent 

Ni tioeon component of dry matter, per oent 

Fat oonaponont of dry matter, per cent 

Dx*uina|Eo ponod, number of days 

73 6 

46 5 

65 4 

58 8 

2 39 
10 30 
22 

53 6 

26 4 

41 2 

29 8 

0 95 

3 02 

4 

B5 2 

34 8 

58 5 

41 5 

1 65 

5 28 

12 5 


It should be noted that the high average -water content (65 2 
per cent.) of the spadable sludge at Recklinghausen, together 

\ 
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^vitll tlio iivort‘i; 2 :o clruiuii^o period (12. .I days), Ih ui I rilnitjt!)le 
to the overworking of the phuit mid tlu' eoiisecpUMit lack of 
thorough decomposition ot tlie sludge 

Tlio elimination of the dry inaltei of tli(‘ tlraimnl slud'ie is 
made in the sanu^ maiitKs* as in the eas(» of the li([uid slud/;e. 
The amount of orp:anic maltf'r is ^^(‘lUM’ally Honi(‘what hsss llinn 
that in the Ihpiid sliidfre, but it may numirkt'd that in vi(‘W 
of the larjL!;c (luaiitities of material e\amiu(‘d, it is very <liniciilt. 
to obtain concordant Hamplos. J^\])erimt*uts on a small scale, 
Jiowever, have shown that some oifiiaiiie matter diHap])(»ars I»v 
#i:aHificatiou diirinp, tlie proci'ss of drain inji;. A description 
of these latter experiments is f>Iveu in SpilliuM'^s cMirlier ])aper, 
])ageH 101-104. jSoiiK^ in.stances of such loss in dryin/i; arc' also 
loiiud in Table X of Hpillner’s paper relating to tlie sludgt' of the 
Kssen-N. W. plaid,. 

This table likewise sliows that the rediicitioii in the amoutd t)f 
diy matter contained in the licjuid sludge', caiiised by drainage 
on the sludgcb lieds, range's from 0.10 to O.ilf) per cent. AfttT 
the spadabh' sludge has be'c'ii K'lnoved to the final dumping 
grounds, the jiroce'SH of de'compositiou coiitiuuem, altliough 
slowly. No analyses have yet been made in rc'gard to this 
matter, but from the high temperatiin'S (up to 122® l'\) that have 
ocejasionally beem obsorvetl in siicli dciposil.s, it must be coii- 
cliide'd that further processe'S of de'c.oinposition are taking phw'O 
therein. 

Examination w thio Luium Drawn From tiiu Siomo CirAMimit 
OK AN 10MH(Mrion Tank, and tiim Duainaom Watmii 
From tum Snuncuii Bkds 

A knowledge of the eompositiou of tlio liepiid in the seplio 
cliaml)or of an Minsche'i* tank is of inie'rc'st to tliose who operufo 
such plants, because this liepiid is contaiiu'd in tlie sludge that 
is discharged from the tank, and is se'parated theuvfroni in jiarfc 
whe^n the sludge reaiclu'S tlio drainage beds, and tlienco fliula 
its way into the oid.fall. When a tank is first put in service', 
the septic, eshambor is filled with the sewage; luit as there is no 
current in this chamber, the original volume of HC'wago setoii 
bccomoB septic and undergoes thorough decomposition, nfti'r 
which it has little odor. A renewal of the liquid by diffusitjn 
from the sewage that flows through the upper chamber of flie 
tank, or by the water that is mixed with the sludge which drops 
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into the septio chambci thiougli the slot in the bottom of the 
upper chamber, is usually a very slow piocess; but when some of 
the accumulated sludge is discharged, its volume is necessarily 
replaced with ficsh sewage fiom the upper chamber. 

The quantity of sludge dischaiged at one time, however, 
is always a very small fraction of the capacity of the septic 
chamber, and the liquid theiein is then allowed to remain at 
rest for several weeks as a rule. During this time the fresh 
sewage that replaced the volume of previously discharged sludge 
is afforded ample time to become thoroughly decomposed. This 
process of decomposition is also accelerated by the constant 
rise of gas bubbles fiom the sludge below, whereby the liquid 
contents of the septic chamber becomes thoroughly intermixed. 

If a sample of the liquid m the septic chamber is taken mid- 
way between the floating scum at the top of the ventilating 
openings and the surface of the dense sludge at the bottom, it 
will be found to be black in color; and on being allowed to 
stand, the upper portion will giadually become clear while the 
lower portion will contain much sludge. In the tank a part 
of this sludge was lieing carried up by the ascending gas bubbles, 
and another part was m the act of settling again to the bottom. 
The averages of the results of a large number of analyses of 
such liquid is given m the following Table No. VI: 

TABLE VI 


Analyses of LiciuiD from Sludge Chamber of Embciier Tanks 


Namo of pliint 

Rockliuff- 

hiiusen 

Bochum 

Esaen- 
N. W 

Number of amilysos made 

17 

6 

16 

Tmusparonoy of the liquid 

0 80 

1 97 

0 34 

lloiictiou of Uio Uqidd 

Alkal 

Alkal 

Alkal 

Ohlorlao, parts per million 

188 0 

003 3 

2103 9 

TleHidiLO aftpor evaporation, parte per million. 

990 7 

2604 1 

4662 2 

llottldue after Ifttiltioii, paxtH per iiulhou 

603 7 

2379 8 

3961 0 

T.IUHH by igmtlon, partH per million 

207 0 

214 3 

700 3 

SuMponded matters, parte per million 

2171 0 

81 8 

6670 2 

HuBpundod organic matter, parts iier million 

1044 3 

18 7 

3069 9 

Ruspendod mlnoral matter, parts per million 

1126 6 

63 1 

1700 3 

Nitrated, parts per nulllon . I 

0 

0 

0 

Nitrites, parts per million 

0 

0 

0 

Total nitrogen, parts per million , 

36 3 

25 4 

70 4 

Nitrogen as ammonia (NHs), parts per million 

27 8 

20 6 

61 4 

Nltrogek os organic mtrogen, parts per million 

8 5 

4 9 

0 0 

Sulphuretted hydrogen , 

Present. 

Present 

Present 
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On comparing these figures with the coiTcaponding analyst's 
of the sewage m the uppei chambeis of the EmscJicr tanks at tlu^ 
three plants mentioned, it will be seen tJiat the septio liipiid 
contains considerably more dissolved matter than the sc'wagt'. 

As already stated, this septic liquid is mixed with the sludgo 
that is discharged upon the drainage beds. These beds are 
formed of a layer of slag or cinders about 12 in. deep, over 
which another layer of fine-grained material is placc'd. This 
upper layer absorbs the water that drams out very slowly 
fiom the sludge, and gradually delivers it to the undei*lyiiig 
stratum of cinders from which it escapes into the drain pipi'H. 
Both the upper stratum and the lower one absoib much of the 
organic matters in the liquid, and these mattej's are then tians- 
formed or mineralzed by the micro-organisms in the inter- 
stices, in the same way as in a contact bed or sprinkling lilt.cM’. 
This mmeralized matter is then flushed out by the following 
water, and flows therewith into the undcidiams. Tho water 
issuing from the drain pipes is thus biologically purified, and it.s 
character can be estimated from the averages of the results of 
12 analyses of samples of the water taken from tho undor-duuns 
of the sludge beds of the Essen plant, given m Table VII, as 
follows- 


TABLE VII 


Analyses of AVatbr prom Underdrain of Slitdcie Beds Kshkn 


Detenmnationa 

Parts per 
million 

Dot^'pinintitionM 

Transparency 

6 05 

Nitrous lit id (N'Oj) 

Residue after evaporation 

2074 0 

Nitno uoiil (N-Oj) 

Residue after ignition 

2311 4 

Total nllrogtm 

Loss by Ignition 

363 5 

Nitrogen ii8 iiiumnnla. 

Chlorine 

520 2 

Orgiinio nilmgftii. . 

Suspended matters 

124 4 

Total nitrogen in 

Suspended organio matter 

48 8 

nitntea and nitmt/os 

Suspended xmneral matter 

76 6 

Put rpH nihility , . . 

1 


I’nriH RiT 
milltoii 


rrc'Hont 
Ih'CHont 
TiJ U 
2K 1) 

2 I 

21 a 

Not putrew 


These analyses relate in part to waters derived from other 
Emscher tanks than those which fui-nished the samples of soptio 
liquid cited in Table VI, and hence a direct comparison between 
the two results of analysis cannot be made. The figures, how- 
ever, indicate plainly that a biological purification has taken 
place, as shown by the presence of nitrates and nitrites and also 
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by the small quantity of organic nitrogen. This drain water 
can fairly be regaided as suitable for admission into almost any 
outfall, and even into such as are sensitive to pollution. It 
accordingly requires no fuither treatment, and diffei-s in this 
respect greatly from the drainage waters of filter presses and 
centrifugal sludge driers. Its quantity, moreovei, is very small, 
being only one gallon to every 10,000 gallons of sewage at 
Essen N. W., so that it may be allowed to soak away into the 
ground at plants of model ate size. 

Yeault Costs 

The total annual expenses of a sewage clarification plant 
consist of the inteiest and sinking fund charges on the cost of the 
land and strictures, the charges for maintenance and renewals, 
and the usual outlays for supervision, labor and supplies. The 
figures for the Recklinghausen, Bochum and Essen N. W. 
plants, along with some other details, are exhibited in the fol- 
lowing Table VIII • 


TABLE VIII 

Cost op Operation and Maintenance 


Nome of pluat 

Tnbu- 

tftiy 

popu- 

lation 

Dry 

weather 
flow of 
sewage 
null gals 
per day 

1 

Total 

Bjanual 

I expenses 

Total 
annual 
cost per 
head of 
popula- 
tion 

Total 
annual 
coat per 
nulhon 

1 gala 

Annual 
expense 
for ope- 
ration 
and 
main- 
tenance 

Annual 
expense 
for opeiu- 
tion and 
mainte- 
nance per 
head 

Rookllnghaiiflon 

Bochum 

EHHen N W 

30.000 
146,000 

60.000 

2 38 

U 22 

12 60 

$2,365 

10,188 

6,166 

$0 0786 

0 0703 

0 1026 

$2 71 

2 11 

1 33 

$ 760 
3600 
2200 

$0 0250 

0 0248 

0 0367 


[It should be noted that in all of these three plants neither the 
sewage nor the sludge is pumped, and that no^ chemicals are 
used to induce precipitation of sludge or disinfection of the efflu- 
ents; also that the effluent from the settling chambers, which 
form the upper portions of the Emscher tanks, is not subjecte 
to any further treatment whatever, but flows directly into the 
outfall. No figures ate given as to costs of land and construc- 
tions; nor are the stated annual costs applicable to American 
municipalities where materials, wages and labor are much higher 
than in, 
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General Results 

If all connections between the sewers and privy-vaiiKH oi ('cess- 
pools are abolished, the watei-carried scwa^t^ will riMich the* 
disposal plant m a fresh condition Tlio touijx'nitcin) ()f llu* 
sewage in winter is high enough to prevent its frc'C'zing in 
plant [The lowest temperature of the air at these planis during 
the 14 months from January 1, 1909, to Maieh 1, 1910, was about 
14^ F, and prevailed for only two or tliieo eoiiseeulivc^ days, 
the temperature diagiams given in the paper show llial (la* 
temperature of the ah was below the fieeziiig-poiut ) 

on from^ 12 to 30 days in the aggiegate dining this jjerind. - 
Trans ] 

If the sewage is not septic when it reaches the jdant, it will injt 
become septic during its passage through tlio ui)[)(‘r sc^t.tling 
chambers of the Emscher tanks. [The eylindrieal I auks ani 
combined into groups of three at the plants nu'utionc'd, thus 
making the length of each continuous settling chamber about 
100 ft, and the time allowed for the sewage to trav(‘i‘S(‘ this 
distance langes from 30 to 5G minutes on the av(‘nig<‘ in dry 
weathei. When the volume of sewage is increased by rainfall, 
the time of passage is reduced — Trans ] 

Tests for putiescibility of mixtiues of tlio effluc'iit with tin* 
unpolluted water of the several small streams into wbicJi the 
clarified sewage is discharged, show that offensive odors ni'(‘ not 
developed m a mixtuie of equal parts of effluent and el(‘iui water, 
and sometimes not m a mixtuie of two parts of (dfluent to om* of 
clean water, even when kept standing in an ineubiitor. 'riio 
putrefaction of the stream is therefore not to be appreJicMided, 

If the time of flow through the aforesaid sotUing chamber is 
not less than 45 minutes, about 95 per cent, on tlio average^ of 
the entire volume of sedimeiiitable matter in the sc^wugc^ will bo 
deposited in the septic chambers underneath. efflimnt 

will accordmgly contain not more than one volume of Hodimeiit- 
able matter in 2000 equal volumes of the licjuid. [Tlie term 
''sedimentable matter applies to the sludge or sedinumt whicli 
settles in the courae of 2 houra into the lower part of a rec*ep- 
tacle filled with crude sewage and left undisturbed. — 

Coal dust requires a much longer time for settlomout than 
the sludge of domestic sewage, in experiments with fine coal 
dust it was found that from 4 to 8 hours wore necessary for its 
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sedimentation It is therefore important to exclude from 
the sewers all waters that have been used for washing coal and 
coke and have not undergone long sedimentation 

When the volume of sewage is largely increased by stoim 
water, no appreciable quantity of sludge can be flushed out 
from an Emscher tank, because the sludge does not accumulate 
in the settling chamber through which the sewage flows, but 
drops at once into the septic chamber below where it remains 
undisturbed by the current in the upper chamber. 

The volume of the fresh sludge deposited in an Emscher tank 
is reduced about 85 per cent by the process of decomposition in 
the septic chambei. Fiom 25 to 30 per cent, of the dry matter 
contained in the fiesh sludge will be destroyed by gasification. 
The gases thus produced consist mostly of methane (GH^) and 
caibonic acid (CO^). Offensive odois are not developed m the 
process of gasification. The rest of the reduction in the volume 
of the sludge is principally due to the dimmution of its content 
of water. The propoi*tion lost by liquefaction is as yet unknoTvm. 

The drying or drainmg of the sludge to a spadable consist- 
ency upon suitable beds is accomplished in 6 days on the average, 
A depth of from 8 to 10 m. of hquid sludge is deposited on the 
beds each time they are used. In the couise of the drying 
process the volume of the sludge is reduced about 25 per cent 
During a year an aggregate depth of 20 ft. of liquid sludge is 
applied to each bed. After the spadable sludge reaches the 
dumping ground, it is gradually transformed into an earthy 
fiiibstance. The drainage water from the sludge beds is bio- 
logically purified in passing through them. 

The cost of clarifying sewage with Emscher tanks is small, 

as seen from the preceding table. 
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I American Sewage 

In applyhifi; data of sewage purification the character of the 
sewage itself is of first importance, m particular, its composition 
and ago. It should be borne m mind that results obtained under 
lOuropean conditions, where a water consumption of about 
40 gallons per capita daily is a usual amount, may be quite 
difforent under American conditions, where a water consumption 
of 100 or even 12.5 gallons per capita daily is not uncommon. 
So, too, a distinction is necessary between sewages from com- 
bined and separate systems, the former being greatly diluted 
and increased in volume during rainy weather, besides bringmg 
with it much grit from the street surfaces. Trade wastes, when 
produced in excessive amounts, often constitute a special 
problem, either when taken in combination with the ordinary 
sewage or when treated independently; but ordinarily their 
influence is not sufficient to determine the method of puri- 
fication to be adopted. 

The amount of the impurities to be dealt with in the case of 
diy-weather or domestic sewage depends on the population 
served rather than on the volume of hquid, so that in questions 
relating to sludge treatment populations are generally preferable 
os a basis of computation rather than volumes of liquid. 

Table I gives the analyses of the sewage of several American 
cities, and Table II gives the amount of the suspended solids 
and the part of this which is organic or liable to cause offensive 
conditions through putrefaction — ^figures of first importance 
In question of sewage clarification and sludge treatment. 
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TABLE II 


SURPWNDRD MaI’TWH IN THM SlflAVAGlil OF Sb\TDHAL AMlUniCAN CiTIES 

a Parts per Million 


PlllCO 

T(»tal 

Organic 

Mineral 

Authority 

Boston, Muss 

ld5 

1 1 

01 

44 

Kinnioutt, Winslow & Pratt 

Chicago, 111 

143 

80 

03 1 

Eno News, Mar 31, 1910 

Columbus, 0 

215 1 

81 

134 

Ggo a Johnson 

Lawrence, Mass 

140 

113 

36 

Kmmeutt, Winslow & Pratt 

Mass — Small towns 

04 6 

78 1 

16 5 

Kmmoutt, Winslow & Pratt 

Small oitioH 

ISO 6 

46 4 

31 2 

Kmmeutt, Winslow & Pratt. 

Patorson, N J 

45 to 641 



George 0 Whipple 

Philadelphia, Pa 

204 

1 142 

62 

Geo S Wobstor 

Plamfiold, N .1 

134 

1 


Andrew Gavet 

Providence, H I 

397 

! 343 5 

53 5 

Klnnicutt, Winslow it Pratt. 

Wntorbury, Conn 

166 

115 

50 

Eng Newa^ Jimo 3, 1900 

Worcester, Mass 

255 S 

177 8 

1 

78 0 

Kinnicutt, Winslow & Pratt 


b Qm ms per C 

1 

apita 


Chicago, 111 

106 

03 ' 

73 

Eng Newa, Mar 31, 1910 

Columbus, O 

08 

1 47 

61 

Goo A Johnson 

Mohs — Small oituia 

53 

44 

0 

Kmmeutt, Winslow <fe Pratt 

Mass — Soparalo aystoras 

40 

38 

11 

Goo A Johnson 

Matw — CTombincd tuid mfg 

' 145 

76 

60 

Geo A Johnson 

United States 

! 

1 

40 

53 

Geo W Puller 

1 


Although the composition of sewage varies greatly in different 
cities the following analyses may be taken as fairly representing 
ordinary American conditions. 
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TABLE III 

Composition op Typical American Sewagh 
In Grams per Capita Daily ^ 


1 According to George C Whipple^ 



Domestic 

sewage 

Sewage of manufacturing 
cities 

Total solids 

170 

220 to 500 

Orgamc matter 

70 

' 100 to 200 

Mmeral matter 

100 

120 to 300 

Chlorme 

20 

25 to 50 

Nitrogen 

11 

13 to 15 

Albuimnoid ammonia 

1 7 

2 to 4 

Free ammoma 

7 

5 to 10 

Fats 

20 

20 to 50 


2 According to George W Fuller “ 


Oxygen consumed 

2 minutes^ boiling 

15 0 


6 imnutes’ boiling 

22 0 

Nitrogen as 

Free ammonia 

7.0 


Albuminoid ammonia 

2 5 


Organic 

8 0 


Total 

15 0 

Chlonne 


19 0 

Fats 


19 0 

Dissolved matter 

Mmeral 

99 0 


Organic and volatile 

37 0 


Total 

136 0 

Suspended matter 

Mineral 

r>3 0 


Organic and volatile 

, 40 0 


Total 

93 0 

Total solids 

Mineral 

152 0 


Orgamc and volatile 

77 0 


Total . . . . 

229.0 


1 To convert to ounces per capita multiply by 0 0327 
To convert to grains per capita multiply by 16 432 
If the volume of sewage is taken as 100 gallons per capita daily; 
To convert to grains per gallon multiply by 0 1643 
To convert to parts per million multiply by 2 0417, 

* Report on Sewage Disposal, Pat^qon, N J , 1006 
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3 According to E B Plielpa ‘ 



In 

Holution 

In 

HUBpensioii 

Total 

Mineral and anh 

114 

38 

162 

Organic and volatile 

: 76 

76 

152 

Total rcRidiie on evaporation 



190 

114 

304 


The organic mattei is composed as follows 


Total carbon 

76 0 

Total nitrogen 

5 7 

Total H, 0, S, P, etc 

70 3 


152 0 


Separating the nitrogenous from the carbonaceous matter 
there results. 


Nitiogenous matter. 


Nitrogen 

6 7 

Carbon 

28 5 

H, 0, B, P, etc 

22 8 

Fats, etc.: 

Carbon 

13 3 

HandO 

5 7 

CarbohydrateH’ 

Carbon 

.34 2 

H, 0, etc .... 

41 8 


7 ^ 

Total . . . isjTd 

IL Detritus form Grit Chambers 

Boston^ Moss. — At the sewage experiment station of the 
Massachusetts Institute of Teehnology, the sewage was pumped 
by a small duplex pump from a large sewer carrying the combined 
sewage of 360,000 persons. A small grit chamber was formed of 

* Deduced from Water Supply and Irrigation Papeti No, 185 Table, p 16, AaffiutiiDg 
100 Oa^B. G^p 
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a cast iion cylindei 19 in. in diameter and IG in deep, containing 
a screen with 1/2-in meshes The velocity was i educed m this 
to 0.04 ft per second, thus making the time of passage thiough 
the chamber about 45 seconds. 

The detritus removed fiom this chamber amounted to 0 05 
cu yds per million gallons of sewage It contained 27 per cent, 
moisture and but 6.65 per cent orgamc mattei, and were quite 
inoffensive when spiead on the land adjoining the station ^ 
Analyses of samples taken from March 26, 1904, to June 1, 1905, 
aveiaged as follows - 



Wet 

Water 

Clean 

stone, 

1 etc 

! 1 


I'lno dry dotnlus 



detritus 

Total 

Loss on 
ignition 

Orgniiio N 

1 

[ Oxvgi'u 
coiiHiiiiied 

Pounds per mil- j 
lion gallooB aciN - 
age 

1600 

1 430 

1 

190 

970 

106 

2 2 

1 7 

Parts per nullioa 
parts of sewage 

190 j 

52 

23 

117 

1.3 

26 

2 


Neai the Moon Island outlet of the Boston Mam Di-ainage 
system the outfall sewer is enlarged to foim two conduits S ft 
wide, 16 ft high and about 1/4 mile in length, in which the 
heavier sohds deposit. The depth of sewage in these sewers of 
deposit is designed to be fiom S to 10 ft. The sludge is pushed 
towaid one end where it is diawn off by a 12-in pipe to a sludge 
tank 50 ft XlO ft. Xl5 ft. in size, having a capacity of 150 cu 
yds. From this tank it is taken by a scow, wdiich is towed about 
20 miles to sea, and dumped. 

In the year ending Febiuaiy 1, 1910, with an average flow of 
82,378,000 gallons per day, 8773 cu. yds of sludge was dep()sit('d 
in these sewers, or 0 29 cu yds per million gallons of s('wag(», in 
addition to whatever was subsequently deposited in the storage 
tanks on Moon Island. 

Worcester, Mass — The sewage, which, in 1010, averaged 14.57 
million gallons per day, or 107 2 gallons per capita, passed 
through one of two grit chambem 40 ft. X 10 ft. in plan and 9 ft. 
deep in about 1.8 minutes. The mean velocity was, therefore, 
0 4 ft per second. 

1 Expemnents on the Purification of Boston Sewaffo, Winslow and Pholps Water 
Supply and Irrigation Paper No 1S5 
® Kmnicutt, T^nslow and Pratt, 
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Accoiding to Mr Matthew Gault, supeiintcnclent of seweis, 
505 cu. yds. ot heavy giit, about half water and weighing 18,150 
lbs poi cubic yard, weie removed, i epi esenting 4 0 pei cent of the 
total suspended matter in tlie sewage The effluent contamed 
27(5 paits per million of suspended matter. The material re- 
moved amounted to 0.11 cu yds per million gallons of sewage. 
The cost of removal fiom the grit chambeis and placing it in 
caits (shoveling 3 times) was 33 1/3 cts per cubic yaid, and the 
cost of hauling about GOO ft and dumping, 50 cts. per cubic yard, 
making the total cost of disposal 83 1/3 cts. per cubic yard or 
9 1/4 cts per million gallons of sewage. 

ColumhnSj Ohio , — The first grit chamber used at the experi- 
mental station was 40 ft X 8 ft, X 7 1/2 ft. deep. This was 
subsequently changed to 39,5 ft X5 ft.X2 5 ft in depth, with a 
bottom baffle a foot high, 2 ft. from the inlet and a surface baffle 
extending to about G in. fiom the bottom, 3 ft from the inlet. 

In the former the aveiage velocity was 0 518 ft. per minute 
(2 61 mm pei second) and the poiiod of flow 1 3 houis, in the 
latter the average velocity was 2 28 ft. per minute (11 39 mm. 
pci second) and the period of flow 0 29 hour. 

The results obtained m the two chambei’S were as follows 


TABLE IV 




Onginid grit 

Itemodellcd grit 



ohiimber 

obamber 

Pur oont RUH})undc(l umttor bi 

Total. 

34 

22 

applied Rewtiffu which wim 

Volatile 

30 

18 

removed in pent ehnmber. 

Mineral 

35 

24 

('ubic yardH wot bIuiIro por million ffollonH 

2 65 

1 70 

Per oent iiioist.uro in nludgo, avemuo ' 

87 

Hi 

Per iMMit voliidlo mutter in dry HoUdH 

52 

46 


COMPOSITION OF GRIT CHAMBER SLUDGE 


Woi«ht, por cubic yard 
HpiiHSo gmvitv 
Water 
Saililfl 

Volatile matter 
Nlirogeii 

Fata 


1825 IbM 
1 081 

82 4 por oent. 
17 6 per oent 
7,G percent. 

0 22 per cent. 

1 22 poT’Oeut 


It is difficult to reach a comparison of the above results of 
rapid sedimentation in grit chambers The quantity and quality 
of the material removed depends upon various conditions, such 
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as the admission of stoim watei, the chaiacter of street surfaces, 
the use and efiS.ciency of catch basms foi the interception of giit, 
the velocity, depth and time of passage through the grit chamber 
and the pei cent of moisture m the detritus With strictly 
sepal ate systems and domestic sewage the amoimt would be so 
small as to be an msignificant factor in questions of disposal, 
while m combmed systems, wheie the volume may approximate 
a cubic yaid pei million gallons of sewage, the amount of putres- 
cible matter is usually so small that the detritus may often be 
used for filling in land. 

Mr. Emil Kuichlmg^ mentions the results obtained in various 
foreign cities, at the Boston experiment station of the Massa- 
chusetts Institute of Technolog}" and at the Dorchester pumping 
station in that city [0 31 cu yds pei million gallons] and obtams 
an average of 0 4 cu yds per miUion gallons with a specific gravity 
varying fiom 1 52 to 1 87 and a water content of 27 per cent. 
Under these assumptions the dried suspended matter removed by 
grit chamber i^J about 835 lbs. per million gallons, or 100 parts 
by weight per million 

Waterhury, Cotin - — The water supply at Wateibury is 139 
gallons per capita, and the sewers aie on the combined system. 
The gut chamber was cleaned frequently so that no gases were 
formed in the detritus. 


Data 


Cu. yds remo\ ed per million gallons of sewage 

Tons removed per million gallons of sewage 

Specific gravity 

Moisture 

Sohds 

Mineral matter 

Fats 

Nitrogen 


1 40 
1 12 
1 05 

88 3 percent 
117 per cent 
5 9 per cent 
0 78 per cent 
0 22 per cent. 


III Screenings 

A sharp distinction should be made between coarse bar screens 
intended primarily to intercept sticks of wood, orange and lemon 
peels, rags, etc., and the fine screens having clear openings of 3/8 
in. or less, which have been mtroduced m mcreasing numbers, 

' Notes oa Sewage Disposal, Rodioster, 1910. 

® Eng New«, Vol LXI, p 596. 
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especially in Germany, to remove as mucli of the mattei in sus- 
pension, mcluding fecal matter, as practicable. 

The former type is customaiy m all systems where the sewage 
has to be pumped, but it has not usually been considered worth 



Fio. ST.-^Bor Borean, DorolieBter Pumping Station, Boston 
(Oourteay of P L Sanborn, Btecfiiitlve Eagiaear, Boston Mam Brainage.) 

■while to measure the detritus retUQved. The followiag figures 

are, hawevei^ avaQable. • t \ ‘ ■ 

^Hon , — Here the combined 

sewages laacaiite iu ^it9,OQO gaJlone per day, passes 

.. .r. ? 9 b. * kjC# A 'ij!l li.juV ^ I a. 1m 
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veitical bars on 3 sides spaced 1 in apait and a floor upon winch 
the screenings fall on raising the cage, and fiom which tliey nio 
removed by hand and pressed to lemove the excess inoisturo 

In the year endmg February 1, 1910, 573 1/4 tons of wet filth 
weie removed, or 38 1 lbs per million gallons TJie co*st of labor 
at the screens was 0 313 cts per million gallons. 

Boston Metropolitan System , — The screens at tho sovei*al 
pumping stations of the Metropolitan Scweiage System art' in 
type similai to those at the Dorchester Pumping Station of tJio 
Main Diainage woiks. The screens are composed of 3/4-in. 
round bars, 1 1/2 in center to center and a similar series stag- 
geied in front of these, providing an effective, clear sjiace of 
about 1/8 in ^ 

The following table gives the amount of wot screenings rcinovod 
from the North and South Metropolitan Systems fioni the bo- 
ginnmg of operation, amoimting to 0.10 and 0 10 cu. yds. per 
million gallons, respectively, dunng tho year 1910, or 5 and 
10 cu yds annually pei thousand population. The sewage is 
partly sepaiate and partly combined in each system. 

The material removed from the screens at the Charlestown and 
East Boston Pumping Stations June 10, 1898, had tho following 


composition ^ 


Paper 

55 per cent 

Rags 

25 per cent 

Hair 

5 per cent. 

Fecal matter and grease 

5 ])er cent. 

Refuse from slaughter houses 

. 4 per eout. 

Conglomerate matter 

. 6 per 0(‘nt 

100 per Gout. 


Columbus Experimental Plant , — Two vcii^ical removable screens 
were used, consisting of a diamond mesh of No. 12 wire, the 
first havmg 1/2-in. and the second 3/8-in. oponiugs. These 
removed 36 of the 215 parts per million of suspended matter con- 
tamed in the sewage, or 0 17 cu yds weighing 300 lbs per million 
galloi^ The weight per cubic yai d was therefore aliout 1765 lbs. 

This amount would undoubtedly have been considerably 
greater, but for the fact that the sewage treated was not drawn 
from the invert of the trunk sewer and so did not contain all 
the grit and coarse heavy matter moving along the bottom. 

W M Brown, chief engineer 

® Metropolitan Sewage Com'ra, 1899, p, 26 
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The liquid, moreover, had previously passed through a 1/2-m. 
scieen and was then pumped, by which much coarse material was 
removed and fecal matter broken up 

Philadelphia Experimental Plant , — This was supplied with 
separate system sewage from a 4 ft 7 m. intercepting sewer 
through an 8-in pipe, which entered the sewer 15 in above the 
invert The sewage was then pumped through 413 ft of 4-m 
pipe to a point near the testing station, from which it was di'awn 
by gravity Some of the heavy solids were probably excluded 
at the start, and the soft fecal matter must have been disin- 
tegrated by pumping, as at Columbus 

The sewage was dehvered through 24 1/4-in nozzles upon 
the comcal surface of a screen having 32 meshes per inch (clear 
openings 0 5 mm squaie) 

The amount of suspended matter varied considerably, owmg 
to the admission of trade wastes, but averaged from September, 
1909 to Apiil, 1910, inclusive, about 200 parts per million, 7/10 
of w hich was volatile Of this, 63 parts per million, or 33 5 per 
cent , were removed by the fine screen, equivalent to 560 lbs. of 
dry solids per million gallons of sewage. 

The effect of screemng on subsequent treatment was found 
to be 

1 A moie uniform sewage by eliminating in part the irregu- 
larities due to trade wastes 

2 A reduction m the sludge subsequently treated 

3. An mcrease of moistuie m the sludge subsequently treated 

4 A finer subsequent sludge and one more readily pumped 

5 An entire absence during 9 months of clogging in sprinkler 
nozzles usmg settled screened sewage. 

Reading, Pa , — ^The only important example as yet of fine 
screening on a working scale in the United States is that at 
Reading, Pa , with an apparatus devised by Mr. 0 M. Weand. 
This consists of a horizontal cylindrical framework 6 ft. in diam. 
X12 ft long, w^hich is ^pported on rollers and is rotated by 
means of a circumferential gear at a rate of 8 revolutions per 
minute. The cylindrical framework is covered with wire cloth 
of monel metal having from 30 to 36 meshes to the linear inch, 
which is, in turn, supported by a screen of No 12 copper wire 
with 5/8-in. meshes 

The sewage enters at one end and is distributed by flowing over 
a weir placed in the first half of the oylmder parallel to the axis. 
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It tlien flows tliiough the bottom of the screen and is conveyed 
away, leaving the sludge and other coarse material inside 

By the rotation of the screen the sludge is worked forward 
by a narrow spiral plate, which pi ejects fiom the inner surface 
until it reaches the fiuther end, where it is lifted by a seiies of 
short radial buckets attached to the perimeter On reachmg a 



certain elevation the sludge slips off upon a sloping trough, 
which delivers it through the end of the cylinder and drops it into 
a rspftgteole fropi which it is raised and transported by suitable 
cohtt^#iah<>hiD.er7**'® S'®- ®ievated sludge tank. 

pQlte^tSiAithe screen is washed off by 12 1/16- 
‘ ' ilre itsmcantal pipes placed just outside 
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the screen — one on each side Each pipe is moved back and 
foith longitudinally by a toggle joint at one end so that the 
entile surface of the screen can be fieed of detritus. Screened 
sewage has been used in place of water for this jDurpose satis- 
factorily, but the jets clog rapidly with the unscreened liquid 
Hail, lint and other fibeis aie not so leadily lemoved, howe\ei, 
and this difficulty, inherent in any fine wire mesh, would prob- 
ably cause trouble in its use with some classes of sewage 

Accordmg to Mr. C B Uliich, City Engineer of Reading, the 
volume of sewage handled is about 5 million gallons daily fiom 
40,000 persons It contains 125 or 130 parts per million of 
suspended solids The screenings amount to 1 15 cu yds per 
million gallons, and have the following general composition. 

Wet After Centnfuging 

Moisture 89 5 per cent 73 0 per cent 

Mineral matter 2 8 per cent 7 4 per cent 

Volatile matter 7 7 per cent 19 6 per cent 

100 0 per cent 100 0 per cent 

The weight of the wet scieenings is stated by Mr Weand, 
who had, until recently, the contract for opeiation, to be about 
63 lbs, per cubic foot and the cost of operation, including 
about 5 h. p of steam power required for rotating the screen 
and driving a centrifugal separator, to be $1 00 per million 
gallons when'takmg 4 miUion gallons per day 

One difficulty, due to the fine mesh employed, is the fiequent 
stoppage for repaira. This amounted to 1500 hours, equivalent to 
63 days, in 1910, and an equivalent of 77 days in 1909. Screens 
of this type should alwaj’-s, theiefore, be in duplicate. 

Another objection in some cases would be the loss of several 
feet head caused by the drop in the sewage through the screen.^ 

A high percentage of moisture in the screenings is probably 
inevitable with fine meshes and domestic sewage. In his annual 
report for 1910 Mr Ulrich says: “The criterion for screening 
efficiency should be the thoioughness with which the larger 
suspended matters are removed and not only mere bulk of re- 
moved matters. All materials large enough to clog sprinkler 
nozzles should screened out, but it is more economical and 
just as satisfactory to remove finer solids by sedimentation 

' By a recently devised modification of design Mr Weand hoi>es to save the greater 
part of this lost head. 
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It would appeal, too, that with the constant agitation of the 
fecal inattei by the wash water and the lotation of the scieon, 
much of it will have liecome so finely broken up as to pass througli 
with the sewage. 

But 111 spite of these disqualifications, the local authojities aie 
satisfied, on the whole, with the lesults secured and have recom- 
mended the installation of a second unit 

Screens of this general type are, or soon will be, installed at 
Atlanta, Ga., Brockton, Mass , New Brunswick, N. J. and Bal- 
timore, Md 

Providence, R. L — Here the screen bars are of wood 1 in X 
10 m in section, spaced 3/4 in. apart, forming an inclined rack 
09 ft ill length, inclined 17° to the vertical, thi*ougli which the 
sewage — about 19 8 million gallons per day — flows, with a depth 
of from 2 to 5 1/2 ft , avei aging about 3 ft. The screen is cleaned 
continuously by hand with rakes. The scieenings, consisting 
chiefly of paper and rags, amounted, in 1910, to 208 lbs oi 
28 0 lbs of diy material, per million gallons of sewage The wet 
scioenmga aic placed in perfoiated cans about IS in in diam X 20 
in 111 height, which weigh 30 ll>s. each and hold about 230 lbs 
of screenings, in which the material is I’emovcd. 

Waterbary , Conn . — With a 1/2-in mesh of galvanized wire, 
140 lbs. or 0.08 cu. yd of screenings wore removed per million 
gallons of sewage ^ The average composition of the scieemngs 
for the year ending November, 1900, was as follows 


TABLE VI 

Composition of SoitMENiNOH 




Parts per million 


Total 

Dissol vod 

j SusppiirlLMl 

1 

Oxygon consumod 

46 

26 

20 

Organic nitrogen 

14 8 

10 8 

4 5 


Total 

l^xcd 

Volatile 

Suspended matter 

166 

116 

50 

Fats 

26 



Particles in mloro-suBponsion . 

84 



Colloidal matter 

16 7 




^ W. O T^of, JSrw 8, 1900. . 
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Plainfield, N J — The volume of sewage is about 90 gallons 
per capita.^ With screens having openings about 1/2 in apart 
in the clear, 0 18 to 0 22 cu. yds of screenings contammg 85 
per cent of moisture are removed per million gallons of sewage 
Pawtucket, R I — ^The strong domestic sewage, amounting to 
an average of 0.277 million gallons per day m 1910, passes through 
one of a pan of rack screens 7.96 ft. wide X 4.4 ft high composed 
of wooden strips 3/4 in. X3 in. in size, spaced 5/8 in. apart. 
The depth of sewage passing the screen is about 2 1 ft During 
1910, 1036 cu yds. of wet material were removed and buried in 
pits, amountmg to 10 25 cu. yds per million gallons. This 
large amount is accounted for in part by the fact that it includes 
a small amount of grit, which is pumpted out once a week from 
the depressed pit in fiont of the scieen, together with the screen- 
ings, by an Edson diaphragm pump. Another reason lies in 
the strength of the sewage and to the fact that it enters the screen 
chamber 3 ft. below the surface of the liquid The screenings 
consist of rags, paper, grease, fecal matter and kitchen wastes 
During the interval between cleaning a mat of grease and other 
wastes frequently forms in the screen chamber, sometimes to 
the thickness of 18 in. or 2 ft., of suflo-cient strength to support a 
man, below which the material is much more dilute.* 


TABLE VII 

Material Removed by Screens 


1 

1 

Co. yds wet 
screenings 
per nulbon 
gal sewage 

Lbs dry 
solids per 
million gal 
sewage 

Per cent of suspended solids 
in wet sludge (By volume) 

1 

Total 

Volatile 

Fixed 

Nov 10, 1906-Feb 28, 1900 

7 63 

746 

1 

6 68 

4 46 

1 23 

Mar 2. 1906-May 11, 1906 

5 88 

549 

5 44 

4 36 

1 08 

Oot 12, 1906-May 3, 1907 

8 90 

792 

5 22 

4,16 

1 07 

Feb 3, 1911-Mar 24, 1911 

10 25 

1024 

6 89 

6 46 

0 44 


IV Sludge from Plain Sbdimbntatipn 

Massachusetts State Board of irea^A,^----Esi)eriEnents were 
made with Lawrence (combined system) se^w^g^ during the years 

^Eng Nflwa.Vol LXIII, p 64^1 
^ G^rge A. Carpepter, mly 
® Rep 190S, p 464, et 
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1892 to 1897, inclusive, by allowing it to settle while quiescent 
for 4 hours. Nearly 60 per cent of the suspended matter and 
33 pel cent, of the total oiganic matter, as indicated by the al- 
buminoid ammonia, were removed. 

In 1906 a large tank was used for this purpose. The period 
of sedimentation varied from 2 to 14 hours, and in 2 1/2 yeais of 
operation theie weie removed about 44 per cent, of the suspended 
matter, as indicated by the albuminoid ammonia in suspension, 
'‘58 per cent as shown by total solids, and 62 per cent, as 
shown by loss on ignition 

Experiments have also been conducted since 1903 with the 
sewage of Andover, which passed at an average rate of 150,000 
gallons per day through a tank holdmg 13,500 gallons, the 
average peiiod of sedimentation bemg about 2 horn's. 

"The aveiage removal of suspended matter by this tank was 
about 66 per cent, as shown by determmations of albuminoid 
ammonia in suspension, 71 per cent, as shown by total solids, 
and 70 per cent as shown by loss on ignition.” About 31 pei 
cent of the total organic matter was removed. 


TABLE VIII 

AVHBA.GB SQIiIDS IN EpFLUBNTS , FROM TaNKS PaRTS PBR MILLION 



Total 

Lobs on igmtion 

Fixed 

Experiment Sta., 1906-1908. 




Unfiltered . . 

624 

213 

411 

Filtered , 

649 

166 

393 

In sufipenrion . 

76 

57 

18 

Andover., lQO6-‘10Og; 




Unfiltered ‘ ^ » < 


206 

240 

Filtered . . . > • ^ j •/ * 

In sufipenaion 1 > t ^ ^ 


158 

230 


48 

10 

.J, .'ll, J.i 
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the average flow to have been 175,000 gallons per day This 
sludge lost 61 per cent m weight by diying. Analyses of the 
dried sludge resulted as follows 


Organic matter 
Carbon 

Organic nitrogen 
Fat 


60 per cent. 

33 per cent 

1 6 per cent. 

24 per cent. 


Worcester Expenments — In 1903 a tank having a capacity 
of 344,000 gallons leceived an average of one million gallons of 
sewage per day, which was therefore subjected to 8 hours' 
sedimentation. 

The suspended matter removed, as indicated by the albumin- 
oid ammonia, averaged 40 80 per cent., and the total organic 
matter lemoved averaged 27 48 per cent. The resulting volume 
of sludge was 0 125 per cent, of the sewage, or about 6 17 cu. yds. 
pel million gallons, and the water contamed was 96 5 per cent. 
The cost of pressing this sludge into cakes was 56 per million 
gallons of raw sewage, including handlmg of pressed cake by 
trolley to the sludge dump The other costs of sedimentation, 
labor and attendance, are given as $1 85 per million gallons,”^ 


mmpoBition of this sewage was, 

in parts per million: 

Free ammoma 

17.69 

Albuminoid ammo.na, 

Total 

8.32 

Dissolved 

2.88 

Suspended 

6 44 

Oxygen consumed, 

Unfiltered 

93 90 

Filtered 

63 60 

Chlorine 

90,40 


Columbus Experiments ^ — ^The two tanks used here were 8 ft. 
deep and 40 ft. long, and their effective capacity was about 
17,000 gallons The time of retention in these tanks was 8 
hours in Tank A and 6 hours in Tank B, giving respective 
velocities of 4 9 and 6.7 ft per hour ( 42 and ,56 mm. per second) 
The results were as follows when using raw sewage that had fii*Bt 
passed through grit chamber 

^ Geo W Fuller, Trayia. Am. Soc C E , Vol LIV, Part B, p 178. 

Sewage Funfioation, 1905 Johneon, pp 8^01 
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TABLE IX 

Results of Plain Sedimentation with Raw Sewaob 



Tank A 

Tank B 

Influent 

Effluent 

Influent 

Effluent 

Parts per million 

Ponod of opomtion 

Auk I 1004: to .Tune, 1906, 

1 

Nov , 1904 to April, 1005 

Oxygon conBumutl 

1 « 

37 

47 

30 

Organio uitrogon 

8 0 

0 4 

7 0 

6 3 

Proo iimmonia 

11 7 

11 7 

11 3 

11 0 

Koaiduo on oviipomtion 





Total 

050 

875 

927 

867 

Dissolved 

808 

707 

703 

784 

Suapondod 

147 

78 

134 

73 

Volatile 





Total 

168 

137 

164 

1 137 

DiHsolvoil 

104 

103 

100 

90 

SuApoiided 

64 

34 

64 

38 

Fixed 





Total 

; 782 

738 

763 

720 

Dissolved 

009 

004 

603 

68.5 

Suspended . . . 

83 

44 

70 

36 


Percentages of removal 

Oxygen conaumod 

20 


17 

Organic nitrogen 

10 


17 

Free ammonia 

C 

) 


6 

Kesidue on evaporation 





Total 

47 


40 

Volatile. 

47 


41 

Mineral 

63 


60 


With raw screened sewage containing about 210 parts per 
million of suspended matter, or 7 1/2 ou. yds of sludge 87 per 
cent, water, the following results were obtained.^ 


. ^ on Sew. Purify, Oolumbip, 1906 Johnaon, pp 161-168, 
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Fiq 39 — Refill! ta of aedimentatioa, Columbue Reproduoed by pennuwloTi of tbo 
MetropoUtan Sewage Oommisaioa of N Y 

TABLE X 


Results op Plain Sedimentation with Raw Sorebned Sewage 



Tank A 

Tank R 

Penod of Bedixaentation 

S hours 

6 hours 

SuflpBiided matter removed 



Total 

60 % 

63 % 

Volatile 

08 % 

64% 

Total orgamc matter removed 



Nitroganoufi 

81 % 

80 % 

Carbonaceoufi , 

81 % 

26 % 

Fats removed 

60 % 


Average penod of sedimentation 

6 8 hours 

Wet sludge per million gallons of sewage , , 

6 76 ou yds 


Philadelphid Experiments — 'Two tanks were first used. Tank 
No. 12 had a ratio of length to depth of 1 6:1 and a capacity of 
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9943 galloiiR, which was latei i educed by sloping the bottom 
and adding a baffle and scum boaids to 8738 gallons Tank 
No 13 had a latio of length to depth of 2 5 1 and a capacity of 
77{)7 gallons, later reduced as in the case of Tank No. 12, to 
5475 gallons 

TABLE XI 


Rbsults op Plain Sedimentation Tanks 12 and 13 


OoiuUtions 

Hours storage 

Suspended 

Parts per million 

Average effluent 

Bohds 

Per cent 
removal 

1 

No 12 

No 13 

No 12 

1 

No 13 

No 12 ! 

i 

No 13 

Flat iiubjifflod 

6 

6 

65 

66 

65 5 

59 2 

Flat iiubalUtd 

4 1/2 

4 1/2 

63 

60 

72 2 

69 3 

Sloping bottom liafUo and scum 

3 1/2 

3 1/2 

71 

81 

64 1 

61 

Sloping bottom biifflo and scum 

6 

5 85 

60 

76 

67 

58 7 

1 


'I’ank No 17 had a ratio of length to depth of 4 


TABLE XII 

Results op Plain Sedimentation 


Tank 17 


ContliUoiifl 


UnlmfUod 

Uiiliainod (Htroiiffor flowago) 
Unhiiiflotl 
Hitniofl luid Hoimifl 
and houdjh 


Hours 

storage 


10 

6 

4 

4 

10 


Suspended solids 


Parts per million 
Average effluent 


65 

About 05 
44 
50 
46 


Per cent 
removal 


50 4 
67 5 
81 2 
72 5 
74 


The conclutiion drawn from these experiments was that long 
storage periods are unnecessary for efficient sedimentation and 
that great improvement in the uniformity of the tank hquor is 
obtained by efficient baffling, creating uniform velocity over the 

entire area of the cross section ” n-n 

A he«y formed on Took No 13^, wbok 

ecreencd eewago. After ^ wbghing 5 tone, 

thickness of 2 ft., amountmg to 5.6 cm yds , g B 
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It contained ISIO lbs of diy solids and 200 lbs of fat, and was 
voiy offensive when punctincd oi loiiioved 

The aveiage composition of tlie sludge avus as follows 


Tank No 
Sewage 


TABLE XIII 
Com cos CPI ON of Smidoiij 

! 12 
I Scteonccl 


Wet sludge 

Specific giuvity 
Per cent moiKiuro 
Per cent of dry losidue 
Volatile 
Fixed 
Nitrogen 
Fat 


1 Odd 
00 


40 
51 
1 3 
S 1 


Id 

Ci ude 


17 

Crude 


1 ()5d 1 (Md 

m 1 S7 7 


4S 
52 
1 4 


50 
50 
1 3 
7 2 


The sludge fiom Tank No 12, which had liecn fine-screened, 
was uniform and AVitli no particle over 1 mm diameter It 
therefoic flowed much moie fieely than that fiom Nos 13 tuid 17, 
which contained fibers of wool and liops 

Scum foi ined in ii i egular amounts in these tanks before placing 
scum boatds, but aftoi this was done it formed promptly and 
luci eased to a considerable thickness at the inlet end of the tank, 
being tough and toiuicioiis 

The following is a tvpit-*al analysis of tins material when 
foimed on crude sewage* 

Average characteiislics of scum fiom Tanks No 13, No. 17 
and No 10 (Emscliei) 

Specific gravity 1 05 per cent 

Moihturo S2 5 ])or cent, 

Dry residue 17 5 per cent. 


The average composition of the diy residue was 


Volatile miitlor 
Fixed 
Nitrogen 
Fats 


00 5 jjor cent 
df) 5 per cent 
1 7 per cent 
13 5 per cent. 


No scum of this kind formed on Tank No 12 

The fact that the scum floats m spite of its high specific gravity 
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irt (‘\[)lainc(l by the piesence of entiained bubbles of gas which 
y luMi lil)eiatod on icmovul, produced an offensive odor. 

RnidiHi/, Pa — Sediiucutation heie for 15 houi^s removed 123 
ot 1 li(‘ Kif) pai bs per million of suspended mattei ^ Duimg 1910 
a MHliineut.aluui tank at MiUmont leceived 1425 million gallons 
()l .sewage 

'riiree and tliiec-tcnths cubic yaids per million gallons weie 
renioYod with 10 liouis’ retention and a flow of 3 million gallons 
])er (lay thiough a tank 250 ft X50 ft Xl6 ft in size The 
composition of the sludge was ^ 

MniHture 91 83 per cent. 

Mineral nmti Cl 2 83 per cent 

Volatile mattci 5 34 per cent 

The tank was cleaned G times duiing the year, but at no time 
Juive tlieu" l)oen seiiously objectionable odois fiom the sludge 

Kinnicult, Winslow and Pratt give the foUowmg comparison 
ot t he results obtained liy plain sedimentation at Plamfielcl, N J , 
('olumbus, O , and Reading, Pa 


UwhtrLrs OP Plain Sedimentation 



Ponod of Bodimontation 

Suspended solids J 

Per cent 



Parts per million 


Hours 

Influont 

l 

Effluent j 

Reduction 

IMuin field, N J 

[ 10 0 

US 

1 

64 

54 

roliiniburt, () 

' 13 0 

304 

101 

67 

Uciuliug, Pii 

1 16 0 

165 

42 

I 

75 


V Septic Tank Sludge 

Mnsmchuficttfi State Board of Health^ — Experiments with 
septii* tanks liavc been conducted at Lawrence smee 1898 and 
with Andover sewage from July, 1899, to July, 1902 In five 
S(n*i('s^ of oxpenmentH the analyses of the sewage and effluent 
varied between the followmg limits. 

* KinniouU, Winnlow and Pratt, 

■* Knu Vol LXII. p 186 

’’ nap 1908, \i 470, et aeii 

* A sixth Bonoa in which sludge wua usod in place of sewage is omitted. 
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TABLE XIV 

SnHPBNDJQD Ma'I’TWU IN yEWAGH AND EePLLTRNT 



PaitH per million 

Entering sewage 

Tank efHuont 

Unfiltered Total 

046-912 

4f)3-.571 

Lous on. ignition 

323-404 

176-232 

Filtered Total 

475-537 

448-510 

Loss on igmtioa 

174-1'1<) 

12G-17.3 


In Tank A, 70 per cent of the total suspended matter aud 70 
per cent of the suspended oi^anic matter received diuing 6 1/4 
years weie deposited, and of this 82 per cent of the total and 88 
per cent, of the oiganic suspended inattei were destroyed. 
Again, during a period of 4 1/2 yeais, 00 per cent of the total 
suspended matter and 00 per cent of the suspended oiganic 
matter were deposited, and of this about two-thiids of the total 
and SO per cent, of the suspended oiganic matter were dostioyed 
by digestion. The period of sedimentation averaged in the 
case, about 12 hours, and in the second case, 16 houis. 

In Tank G, in which the peiiod of sedimentation was about 6 
hours, 60 per cent of both the total and organic suspended 
matter was deposited 

In Tank H, with 18 hours' storage, 75 per cent, of the total and 
78 per cent, of the suspended organic matter were deposited, 
while 84 per cent of the total and 90 per cent, of the oiganic 
matter which deposited were destroyed. 

In Tank F, which received a sewage with about 50 per cent, 
more suspended mattei than Tank A, and more than twice that 
of Tanks G and H, 76 per cent, of the total and 82 pci cent, of the 
oiganic suspended matter wore deposited, while of this, 71 per 
cent of the total and SO per cent of the organic matter weie 
destroyed. 

Tank B received a sewage about 10 times as strong as G and H. 
Here 82 per cent, of the total and 84 per cent of the oi’ganic 
suspended matter were deposited, and 74 per cent, of the total 
and 82 pei cent, of the oiganic suspended matter m this wore 
destroyed. 
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TABLE XV 

(J(jMiMjbm<)N OP Dry Septic Tank Sludge 



Per cent 

Number of tanks from 
which sludge was sampled 

Mm oral miitlci 

45 6 to 70 9 

6 

'rotiil on'iimr xua.ttcr 

54 4 to 29 1 

6 

Oi'Kimio nllioKon 

1 1 to 2 9 

6 

li’ata 

8 8 to 11 9 

4 

Carbon 

26 1 to 20 8 

3 

Hvdroffciu 

3 0 to 4 0 

3 


Aladi^orij Wis — Here, by septic tank treatment, 42 8 per cent 
of the suspended solids and 60 8 per cent of the albuminoid 
ammonia arc removed ‘ 


TABLE XVI 

SoMMAKY OP Results Showing Accumulation and Liquefaction op 

Sludge 


Bejitic tank 

A 

B 

C 

D 

E 

Period of Homoo 1004-6 

1 

Aug 

16 

to 

June 

30 

A.ug 

16 

to 

June 

30 

Nov 

22 

to 

June 

30 

Feb 

18 1 
to 

; June 
30 

Mar 

9 

to 

June 

30 

UuyB lu Borvioo 

300 

301 

221 

132 

118 

Tolul nilllion gallons of sewage treated 

9 6 

5 7 

10 8 

4 1 

0 79 

Avumgo ponod of flow (hours) 

13 9 

21 8 

8 0 

4 0 

8 0 

Avoriigo velocity of flow milUmotorH per second 

0 24 

0 15 

0 42 

0 84 

0 14 

Tons dry HoUds pur million gallons 




0 86 

1 21 

In applied sewage 

0 61 

0 61 

0 02 

Deposited in tank . 

0 31 

0 31 

0 28 

0 26 

0 67 

Iilflcnped in effluent 

0 30 

0 30 

0 34 

0 66 

0 54 

Tons dry solids por million galloiiB 




0 33 

0 86 

Deposited® . 

0 40 

0 40 

0 36 

In tank at end of testa 

0 21 

0 29 

0 U 

0 20 

0 43 

Pur cunt. HOliil matter liquefied 

48 

28 

67 

39 

50 

Cubio yards wot sliidgo per million gallons sludge 
Innited found in tank at end of test 

1 4 

1 8 

0 8 

1 1 5 

1 

2 9 


Coluvibui^ ExperiJTients, — Five septic tanks were used m the 
Columbus experiments. Tanks A, B, C and D received the 
effluent from the grit qhamber, and A received the sewage after 
screening. Tanks A, B and G were 8 ft X 40 ft in plan with 

1 Purifioatlou with spoolal ref to Wia oonditjons ‘Geo J Davis, Jr , and J T Bowles. 

^'“COTTMtarin’mSo’of 28 to 36 to oorrespond to ratio of computed deposit to actual 
deposit respeotively in plom sodlmentation Tank A 
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till rffc(*tivo caparity of 17,000 fi;alIouH Tank 13 was oiiTular, 
12 1/2 ft. lu duunctoi, ivitli an ofTcctivo doptli of 5 1/2 ft It 
waa baffled ao as to make the length of flow 40 ft and had an 
effective capacity of aliout 5370 gallons, and Avas coveu'd. 
Tank E was a cyliiuliical boiler shell 0 ft dianictci by 15 ft long, 
ail -tight, AVitli a 1/2-in gas pipe leading to a inetei. Tho cffi'c- 
tive depth was 5 ft and tlic capacity 7200 gallons 

In goneial, it may be assumed that in Tanks A, B and C the 
average accumulated deposit amounted to 1 33 cu. yds per 
million gallons as compaied with 3.3 cu yds per million gallons 
witrh plain seduncntation The peiccntage liquefied was thevc'- 
foie about 00 The 50 i^er cent iKpieficd AVilh crude sewage 
m Tank E was believed to be a fan avei age to use in estimates 
The composition of the resulting septic sludge was found by 
analysis to be as follows 

TABLE XVII 

noM oi*’ Skctk' Tank Sludoto 


T in k 

A 

R 

f; 

n 


WoiKlii of \\etHludKO, poimtls per cnlne vardn 

1 18.10 

182,1 

182'1 

1800 

181 

Sp<*ci(ir Kravily 

1 oso 

1 080 

1 OSO 

1 009 

1 O' 

Wiil^jr, poi oeiil 

1 81 d 

S2 1 

81 2 

hi 7 

8.1 

SoluU, per ruil 

1 10 7 

17 7 

16 8 

15 i 

1() 

VolaUlo iiiiitlei, per cent I 

1 -I 4 

4 4 

1 4 

A 1 

5 

Nilniffin 

0 25 

0 25 

0 21 

0 in 

0 

FnU j 

0 01 

1 00 

1 0,5 

1 .10 



The icduetion of suspended matter seemed at Columbus during 
the yeais 1909 and 1010 by septic tank-treatment was as follows: 


TABLE XVIII 

Rkoiiotion 01’ Rusi’ENDrin Mattel' 


Uiiily volmnc of howuko, inilliou Kiillons 
Purloil of flow thiouKh tuuk, liourw 


ToUil BUHpi*n<lo(l luiiUor, por million 

Soroonoil suwugo 
Soptio oHliipiit 


Mavlmiim 

Aliiiiiniiin 

j Mean 

1009 

Him ' 

1009 

1 

1910 ' 

1009 

1910 

21 1 

17 0 ' 

1 1 

2 5 

11 1 

12 0 

30 0 

17 0 

1 .1 

.1 5 

10 1 

7 2 

1088 

0.10 

i:i 

10 

201 1 

2U 

210 

204 

12 

0 

82 

80 


Tho por cent Husponded miittor rtunovod wiih, in 1900, 58, and in 1010, 02 


* Fumiabod by W. W Jackson, Siipt Water Works, 
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PawLiuKct^R / In 1900, 41 5 per cent of the oi game matter 
was icmovcd hy the tanks At the end of 10 months^ opeiation 
the accumulation of sludge was 5 428 cu yds pei million gallons 
with SI Tf) per cent moistuie The diied solids amounted 
tliorofoio, to 0 99 cu yds per million gallons of sew'age 377 33 
parts poi million, or 1 868 cu yds of mineial matter weie de- 
l)()hited ill the tank for each million gallons of sewage The 
amount of dried solids lemoved by septic action was, theiefoie 
1 87-099 = 088 cu. yds pei million gallons The cost of its 
lemoval was 41 1 /3 cts per cubic yard. This treatment has now 
l)oou discontinued 

Man^Jlcldj 0 - — The sewage from about 10,000 peisons, 40 pei 
cent of which is collected by the sepaiate system and which is 
much diluted with giound watei, flows at a late of about one 
million gallons per day through bar scieens with 3 /4-m openings, 
and is then settled in 4 septic tanks 92 ft. 3 in X 52 ft in plan, 
having an effective depth of 7 ft. and a combined capacity of 1 
million gallons 

The ci’ude influent sewage contains but 34 to 42 parts per 
million of siuspended matter, and the effluent contains 34 paits 
per million, showing very little reduction The following is a 
more recent analysis Parts per million of suspended mattei : 

Total Volatile 

(yrude HO wage ' 74 55 

Septic effluent 85 to 135 43 to 54 

The sludge resulting from 4 years^ operation weighed 1868 
lbs per cubic yard It had a specific gravity of 1.11, and con- 
tained* 

Moirturo 80 S per cent. Nitrogen 1 03 per cent 

Volatile matter. 3 6 per cent. Fats 4 7 percent 

It was granular in structure and not offensive wfflen removed 
from the tanks. Exposed m thin layeis for about 4 days the 
l»lack color, due to feme sulphide, disappeared, leavmg the 
material similar to humus 

The cost, of disposal for the 1200 cu yds of sludge lemoved 
was about 50 cts. per cu. yd 

PlaniJiM, N. J^,’— The population of 20,550 persons furnishes 

’ Uop of nty Eng’r for year ending Sept 30, 1900 

Hop St. Bd Hlth , 1008 

3 J^ng. Rco Vol LXIV, p 29 



222 


SEWAUK SLlWdE 


aboul. 1 9 uullion poi day of domeHtic Ko^vugo to 4 s(‘ptic 

taiilcH liaviii^ a combined capacity of 1 35 million gallons. 

In March, 1910, 1000 cii yds of wot sludfj,(Miiul scum woio 
removed, c(iiuvalciit to 3.35 cu. yds. per million gallons of sowage 
treated diiniig the previous 1 1 months. 

Ill March, 1911, 1()50 cu. yds of wet sludg(‘ and scum were 
leinoved, oriuivalent to 3 01 ou yds per million gallons of sewage 
ti’cated diicing tJio previous year. 

No oliject ion able odors Avero given off o\c(^pt Avhile the tanks 
were lienig eiupt ied 

In 1910 the average suspended matter, in par is per million, 
was as ftyllows 

In sci’eened sewage 152, vaiyiiig from 114 in Foliiuary to 271 
in November 

In sejitic effluent 50, varying from 42 in May to 72 m Doeeiuber. 

The pci'ceiitagc of removal was, theieforo, 04 5. 

Tlic fai,a aver aged 42 8 pai ts per million m the sereenod sewage, 
and 27 7 parts per million in the septic effluent, the x^eroentage 
of r*emoval being aliout 35. 

Watohiny, Conn ^ — Observations were made hero of the 
results olitaiiied with tAvo sexitic tanks 14 ft. XO ft. 3 in XO ft. 
in size, of a capacity of neaily 4000 gallons each, beginning in 
June, 1905, and lasting 18 months The time allow(‘(l lor 
sedimentation varied from 8 to 33 hours, and the losults were as 
follows. 


TABLE XIX 


llwMOVAL OF Solids in Smi^tig Tanks 


1 

Tank No 2 

'rank No. d 

Averugo p(‘iloil i»f flc'diincnttitioii. Horn a 

If) 5 

’ , H 

ilonzoiital vol. lu inm p(»r hcc 

0 08 

0 11 

Wot sliulgo 111 tunk. Ou yds per luillion gal- 

1 07 

0 55 

lon sowago 



Dry Bolids d(‘poHitcd. Tons per million gal- 

0,25 

0 25 

lon so wage 



Per cent rotaiiied m tank 

56 

! 2<i 


1 Ncwh, Vol JSXl, p. 506 
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TABLE XX 

C0MP0«1TI()N OL SKPTIC SlUDOK AND SCDM IN TeRMH OF Tlllfl WkT MATERIAL 


• 

Sludge 

Scum 


Tank No 2 

Tank No 3 

Tank No 2 

Pounds per cubic yard 

1721 

1738 

1037 

Ppocific gravity 

1 02 

1 03 

0 97 

Moisture, por cent 

80 3 

85 4 

SO 9 

Total solids, per cent 

13 7 

14 6 

19 1 

Volatile, per cent 

5 9 

7 

8 9 

Nitrogen, per cent 

0 16 

0 22 

0 34 

Fats, per cent 

1 53 

1 52 

2 00 


Saratoija^ N — The volume of flow amounted in 1904, to 

fioin 1 1/4 to 2 1/2 million gallons daily of weak domestic 
sewage, the population vaiyiiig from 12,000 in winter to 50,000 in 
BUinmer. 


Composition of Sewage 


Parth i)er iiiiUiQU 


Free aininonia 20 

Albuminoid amiiioiuti 4 

Oxygen coiiHumed 60 

Suspended solids 200 


There arc 4 septic tanks 91^1/2X51 1/2 ft,, holding 8 ft. depth 
of sewage, or with a total capacity of 1,000,000 gals. 

The period of retention of sewage was 10 to 15 houis. From 
July, 1903, until January, 1905, no sludge was removed from 
septic tanks 

The following shows the results of the treatment. 


Total dry sohds received 
Dry flolklB posaod in effluent 
Dry solids in tank, Jan. 1, 1905 
Dry solids removed by digestion 


500 tons. 

175 tons « 35 per cent. 
100 tons « 20 por cent. 
225 tons =46 pei cont. 


* Sno, Rec , Vol LI, p 84 and JRfip N, F, Dopt HlLh , 1907, VoL II 

i 
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Tile conipoHitiou of tlio sludge and scum was tvs follows 




Seviin 


Wi't miitenal 
Spucilic gravity 
Moistuic 
j^iy residue 
Volatile 
FiYOcl 


1 025 

04 0 per cent 

4 5 per cent 
1 6 per cent. 


0 075 

8G 5 per eent 

10 ()])ere(*nt 
3 r)]>ere(*nt 


VI Bludub pkom Emscheu Tanks 


Philadelphia Experiments — Expciiments weic made m Pliihi- 
dolphia witli an Emschev tank 5 ft in diameter and 10 ft dev'p. 
The conical bottom inclined 30 degices to the honzontal 
a cylindiicid baffle, the motion of the sewage was fiist downwtiul 
fiom the aiiniilav influent channel sui rounding the eential vent 
and then upwaid to the effluent at the peiiphcry — about 4 1/2 
ft, in each dnection The sludge chamlier was aliout 4 ft in 
effective depth. The time of passage was about 2 lioiiis Din- 
ing 3 months’ use (Jan 12 to April 13, 1910) pei cent ot the 
suspended solids were removed, leaving in the effluent 92 parts 
pel million 

The sludge pioduccd had the following cliaiacteristics 


Wet ehidgo 
Speciflc gmvity 
Moisture 

Volume per million gals 
Dry residue 
Volatile 
Fixed 
Nitrogen 
Fats 


1 085 

82 5 p(ir cent, 
selvage 0 9 cu. yds 

88 per cent. 
62 per cent 
1 2 per cent 
6 5 per cent 


The results obtained aie not stiictly comparable with thoso 
from a tank of the 30 ft depth recommended by Dr ImliolT 
The deeper tank would produce a sludge with less nioistuio and 
with a laiger amount of entrained gas, which would be of subse- 
quent value in assisting the process of drying. 
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Tlu' evolution of giiti appeals to have been quite active in the 
hUu1|l»c cliiinibei It was inodorous and presumably composed 
chiefly of methane (CHJ. 

As withdiawn from the tank the sludge was ''fine, granulai 
and homogeneous, consideimg its lelative di^mess, it flowed 
ii(‘('ly and did not have an offensive odor When withdia\\n 
horn the sludge outlet, the odor was decidedly 'taiiy,’ and 
aftei a lew days the diicd mass was inodorous/' The solids 
appcNired to have been completely digested 

The composition of the scum was as follows: 


Wot Hliidge 

Spocific gravity 
Moisturo 
Dry residue 
Volatile 
lh\cd 
Nil logon 
Fats 


1 05 

87 2 per cent 

61 8 per cent 
32 8 per cent 
1 9 per cent 
14 3 per cent 


Uliintfjo Expenments ^ — Experiments with the Emschei tank 
have been earned on by the Chicago Sanitaiy Distiict 

The total depth of the ciicular tank was 17 ft and the inside 
diameter 7 ft. 0 1 /2 in An 18-in. cential vent pipe was supported 
hy a conical hood separatmg the two chambers and a cylindrical 
Imffle caused the sewage entering neai the cential vent to descend 
to a depth of at least 3 ft fiom the surface and then nse to the 
opening loading to the 2-in. effluent pipe. The sludge chamber 
had a total depth of 12 ft. 3 in., the lower 4 ft. foimmg a cone 
with a slope of 45 degrees. 

The sewage flow amounted to 48,500 gallons per day from May 
2() to June 7, 1010,31,000 gailoiis perdayfiom June 8 to Sept. 12, 
and then 13,500 gallons per day to Nov 1 It w^as first passed 
tlirough a 5/S-m. scieeii and then pumped fiom mid-depth at 
the se.rceii (‘hamber through 40 ft of force main and a grit cham- 
lier to the tank. The time of passage through the tank was 
alioiit 2 hours, the lattei part of the time the capacity of the 
up])(^r chamber lieing 1175 gallons The reduction of suspended 
matter was from 04 per cent, to 69 per cent after the operation 
was well established. About 2 cu yds of sludge were pioduced ^ 

^ { lejorRo M Wisnor, Chief Engineer, and Langdon Pearse, Asaiatont Engineer, the Sanitary 
Uudlnut of Chioogo 
16 
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per million gal. of Howage dining Llio Humincr and fall of 1010, 
luivuig the following cluiraeteiisties, and 0.03 cu. ydn per imllioii 
galloiiH of completely digested sludge per million gallons dining 
a period of 5 mouths ^ 

Wet Hluclgo 

Specific gnivily J 01 

MoiHturo 80 1,0 00 ptM cent 

Dry roMulue 


Volatile matter 
FiTce<l matter 


80 pel rent 
(>1 pci cent 


With prolonged operation, and wheii^ tlie slu(lg(‘ ehiiinlxns 
are of aiifficient depth, any mixing of the top and bottom layiM-h 
of sludge will be prevented and there will be a giadual move- 
ment downward towaid the bottom. Ah the nludge ai)[)roacln*s 
the outlet, the organic iiigrodhoits arc inoic and niou' decoinposcul 
so that a more favorable condition, when diseliaigial, may 1)0 
expected than m the ease of the (jomparatively small experi- 
mental plants at Philad(‘lphia and Chicago 
The tollowiiig table gives comparative data for several plants 
111 the bhnscher distiict.^ 


TABLE XXT 


Results ov Thhatment in the ICmsoiimk DisTiiirr 



Hooklinglmuson 

Booluiiii 

1 ]‘'iriHun 

N v: 


fckwage 

ICtlluonI 

SuWlLgU 

atiiiKMii 1 

tSuVMlgt 

j IsIlIlKMd 

SuH])ondod HoUilfi 







Total 

LOO 0 

127 Ti 

102 0 

\U .1 

LID 8 

I8.'i ) 

Orgimio 

2011 8 

78 f) 

Iso U 

.'>0 1 1 

1 201 0 

Hfi 0 

Miiuuiil 

207 .1 

fil 0 

2ir> i 1 

80 1) 

ISS 2 

HI H 

Avcrtino p('rc(iul ninioviil of 


72 

1 

77 

70 

total Himpnndod Holidn 

i 

. 





Conod of rtodlmoiUatinn, hoiiw 

3/‘l-l 1/4 1 

Ml/2 

1/2 

1 

Sludge, Qubu) yaida por million 

1, 

,ori 

2 

i 

1 .tw 

RalloiiH 







Pur cunt moiHt.ura In Rludgo ' 

82 

IP 

78 

i 

70 0 


In comparing these results with those obtaiiu'd at rhiladelpliia, 
the Oerniiin plants are seen to handle a much dimser si'wagi' 
combined with a lower percentage of moisture in tin'. Hludge 
resulting from briefer periods of sedimentation. It should l)(^ 
remomberod, too, that the sewage in the Thnschcr District 

' Hop on Sow Dihp , Chiotiffo, Ooo M Wimior, UHI 

■ TmhmaohcH Gomnnd^liitt , Mar., 1911 Eng Newti, Vol IjXV, p tlfl.’l 

^ The Bludgo «pnoo at RooklinghauBon is Influifioiont for oomplctn tlocomporiltlon. 
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iiicludoa Large volumes of tiade wastes Foi these reasons 
furtlioi c\peiicncc under normal American conditions, and with 
full-sized ])lauts, are neeessaiy before the true relative value of 
this piocess can be established 

111 a papei picseiited by Mi Charles Saville* to the Boston 
Socud.y of Civil Enguieers,2 he states that from 65 to 75 per cent 
ol the suspended solids in the sewage aie usually removed The 
scuiu formed is generally of small amount and quite odorless. 
It reciuiies loosening with a lake once a month or so, to permit 
the escape of gas and allow much of it to deposit, but about 
once a yeai it becomes neeessaiy to remove the scum fiom the 
sill face 

The sludge is drawn off at intervals of from 2 weeks to 6 months, 
lireferably the moie frequent peiiod. This should not be done 
by suction as this removes the entrained gases which it is desir- 
able to retain incorporated with the sludge until placed on the 
drviiig bod ; nor should withdrawal be so rapid as to permit the 
foi mation of a cone at the suiface and the consequent entrance of 
sewage, as deseiibod by Elsnei. The effluent pipe should then 
be filled with watci or sewage to prevent the formation of an 
iiii.erior ciust and consequent clogging with the next dose of 
sludge. 

The energy with which digestion takes place probably depends 
to a great extent on the temperature In the Emscher District 
l.lie tomporaturo in the sludge chamber remains practically 
between 55° and 63° even in winter. If the tanks were above 
ground or in a much colder climate the sludge chamber would 
probably have to be of greater capacity on account of the de- 
creased bacterial activity. 

In the design of Emscher tanlcs the space required for sludge 
sl.orago should bo approximately known Until more is known 
regarding the rate of progressive concentration, due to digestion, 
it will bo safe to assume the volume of the sludge duimg storage 
a moan between that requii’ed for fresh sludge and that finally 
produced by tho Emscher tank from the sewage treated during 
the assumed period of storage The volume of fiesh sludge and 
tho period of retention may be assumed from the data already 
given in tho discussions by Dr. Elsnei and Dr. SpiUner. 

If wo assume 80 per cent, moisture in Emscher sludge and 90 

‘ AasooUitfld with the firm of Bering and Gregory Formerly with the EmaxOiergenoBten- 
schafl at Eflaen 

« Deo 28. 1910. 
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pt‘i I'ont in tioshly sottlcil slinl^o, llin InlU'i will occupy t I'1 u‘ 
volumo oi the loimoi, uiul iiii ccpial will uccupv I l;2 

limes the volume ol lOmschei .sludge when c<)iiipl(*l.<‘ly (li‘i,(‘sl<‘<l 
Thoiefoie, il 

15 = how ol ,sc‘wti^e in pillions p(M‘ ciipitu pei cliiy 
T'' = iottil daily How ol sewage 
z= population s(‘iyed 
/-) = days’ retention ol sliulge 

= ciTective capacily of digestion chamber iii cubic leel 

Then, for combined hewaf^e, f^ = 10,r)()0 =l(),.)00 tiiid 

J)V 

lor sepaiate sewage, ( '= rj/2r)0 — = Ti/jno P!) 

If we know the parts per million of susjiendiMl solids tlnit nuiy 
be expected to settle out fioin a known sewa^i' in Its |)jismij»,i‘ 
thiough the seihmeiitatiou {‘hamber and if we accept !hi‘ (‘sli- 
mate of Spillnei and lilunk (see liage 177), as to llu* ii'diiction 
ill the volume of sludge by its passage through tlu' digi'sHon 
chamber of the KuiscIku lank and l)y subseiiuent air-diyiug, 
thcic will lesult the (piantitics given in th(‘ following Inble 

T\BbK wrr 

Volume of Slodom and Aiu-J)itiWD Snmxin I'l'.ii MiMiIhn (IalIiHN^ (»c 
SWWAOI' l OF DlFKI-nUJNT DlONSri'lDH I'UOM SkI'A II V'Cl-J S^HI'hMS lU.Sl'M- 
1N(, FUOM ■KM'^CIIOH 'PaNK 'ruOV'l'MLNr 


StlHltUluluil 
hoIkIh 111 

1 

('iiliio vaiils TiohIi Hludfxo . 

CllliK Mtlih 
EniHi Iirr 

( N ard 

Huwii^n 

( 1 (>[U)H 1 tod 
parts por 

MoIhI iin* 

MdiMhin* 1 

Hludun 

tinilHl UM> 

7'i pi'i cs'iil ‘ 

0 10 

s()iidiilili> 
till dm d 
nIihU'i ■* 

jnillion • 

•jn 

on |)(‘r ( onl 

2 IS 1 

on jiiu < I'M 1 1 

1 Jl ! 

0 10 

no 

1 0.') 

12 IS 

0 70 

0 .tJ 

7r» 

7 l.t 

.1 7J 

1 10 

0 IS 

IIK) 

0 110 

1 on 

1 W 

0 Ot 

1 jn 

IJ ,tH 

0 10 

1 OS 

0 70 

ino 

1 1 sn 

7 1,1 

J .IS 

0 on 

irn 

17 ,tt 

S 17 

J 77 

1 M 

JOO 

10 KO 

0 00 

It 17 

1 117 


22 2>i 

MIL 

.t no 

1 CJ 

LTiO 

Jl 7n 

12 .\H 

•1 00 

I ns 

ii7n 

1 ‘>7 lit 

l.i Hi 

1 tn 

1 71 

.too 

JO 70 

1 

1 1 sn 

1 7n 

1 oo 


' Kiiimlri 10 iJ«r oriit of hIiuIkc wilh 0r> ikt coni iiujihImic 
® Equals 40 pc'r mm I of Emwchor hIuiIko 
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Iniliod »i\es Iho sludge piodiiced by the combined sewage of 
lh)clniiu art 0 2 liteirt, oi 0 007 cu ft pel capita daily ^ If ii = tlie 
S(‘\viige flow p(M- capita daily, the sludge lesultmg fiom each 
niiilion g.dloiirt of combined sewage will be 7000/i) cu ft, oi 
LMiO/w cu 'yds The sludge resulting fiom sepaiate sewage, 
I )r I inholT rt.i\ s, is aliout half as much With these assumptions^ 
flH' following table of sludge volumes, which w^as piepaied by 
Ml .lohu tl Cliegojyfoi the Metiopolitan Sewei age Commission, 
ol New York, gnes the sludge output that will recpiiie final 
clisj)ortal 


TABLE XXIII 

Sr tipoi; I’HODirrni) in rnh EMscnEii Tank ^^lth Sewaoes op Different 

S'rHENGTHS 


rtpwiim 

How 

fnillniiK |)i>r 

\ olumt' ( 

rt< piinito I 

)f sludge 

Combined system 

J1 liiiiirM 1 

1 

0 (MU') mi ft 
«1 1 \ 1 5 mi ft 

piT 1 

per capita per 
: per 1000 pop 
liny 

0 007 0(1 ft per capita per 
dnj “7 0 cu ft per 1000 pop 
per diij 

1 

l^iT ( iipila 

Cuble fool ptT 
million RiillniiH 1 

( 'uhin yanU per 
million gallons 

1 

Cubic feet per j 
million gallons ' 

Cubic yards per 
million gallons 

1 

5(1 

70 

2 0- 

140 1 

5 2 — 

(H) 

58 + 

o 2 — 

117- 

4 3- 

7(1 

50 

1 0~ 

100 

3 7 

75 

47- 

1 7 + 

0i + 

3 5- 

Hfl 


1 0 + 

88- 

3 2 + 


no- 

1 1 + 

78- 

2 0- 

11)0 

on 

1 a- 

70 

2 6 

110 

•ij- 

1 2 - 

64- 

2 4- 

IJO 

•J0 + 

1 1- 

1 5S + 

2 2 — 

IJ5 

•JS + 

1 0 + 

50 

2 1- 

i.m 

U7- 

1 0- 

64- 

2 0 

110 

i 

0 OJ 

50 

1 9- 

150 ! 

i.M + 

0 86 

47- 

1 7 + 

160 

)12 — 

0 81 

44- 

1 6 + 

170 

lil- 

0 70 

41- 

1 5 + 

175 

JO 

0 74 

40 

1 5- 

ISO 

11) + 

0 72 

39- 

1 4 + 

ino 

18 + 

0 68 

37- 

1 4- 

L»01) 

' 17 + 

0 05 

35 

' 1 3 

1 


‘ WiWHor iiinl \bwiiafler, Vob. 4, 1011, p 446 
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VII yjjUDCiE FROM CtIEMIO\L PltE( 'IPIT VTION 

Alassachusclis State Boaul of Health ^ — A hiif>:e niuiiboi of 
expeiimentH have been made by the MaHHachusellH State Boaul 
of Healtli on chemical precipitation Those indicate that liy tiio 
proper use of copperas, foiric sulphate or alum, all the suspender I 
matter and from 25 to 43 per cent, of the soluble orji;ani(‘ matter 
of sewage as indicated by all)uminoid ammonia may be i (‘moved 

'‘Using equal values of the different prccipitants, applu‘d uiuU'r 
the most favoiablc conditions for each, upon the same sewage, 
the best icsults were obtained with fcu’iic sulphate Noaily as 
good icsults were obtained with copperas and lime, while lime or 
alum alone gave somewhat infeiior effluents.” 

Duimg the 5 ycais, beginning with 1893, sewage was treated 
with 1000 lbs sulphate alumina per million gallons, and allowed 
4 houis for sedimentation As a result there was removed 

Total albuminoid ammonia, 50 per cent , vaiying from 50 to 
63 pei cent , in different years 
Albuminoid ammonia iii suspension, 78 p(‘r cent., varying 
from 72 to 83 per cent in difteient years 
Fats, 59 per cent , varying from 47 to 80 pel cent, in different 
years 

Worcester j Mass ^ — ^The sewage in 1910 av(‘iagcd 14.57 million 
gallons per day (or 107 2 gallons pei capita), including 3.47 
million gallons of infiltration and a laigc amount of laetory 
waste, rendeiing it decidedly acid. Of this volume an average 
of 9.81 million gallons of sowago per 'day were treated with 989 
lbs of lime per million gallons. Alter from G to 12 hours of pre- 
cipitation,® the sludge pioduccd amounted to 22 cu yds per 
million gallons, representing 77 8 per cent, of the suspended 
organic matter. This is drawn off by a floating arm and laised 
by Shone ejectors to a storage tank where 30 to 50 lbs of lime per 
thousand gallons is added m the form of milk of lime 15 or 20 
per cent, of the supernatant liquid is drawn off to sand filtcis and 
the heavy sludge pumped under a picssiue of SO lbs. per squaie 
inch to filter presses. When pressed, this produces 3. 09 tons of 

1 Hep Punfloation of Sowftgo and Water, 1800, 1 ) 780 An Rt'p , 1008, p 157 

“An Ilep Supt of St-wora, 1000-10 

^ There arc six primaiy tanks, operated iii floricH, 100 ft XOO 2/8 ft X 7 fl iti size wilh 
A capacity of 350,0(X) fcallons and 10 secondary tanlcs, opornlod In pnmllel, 106 2/8 ft, 
X40 ft X7 ft in sisse with a capacity of 350, (KH) ffullons 
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s<|iiai(>, 1)\ wliidi it. irt picssod into cake fiom 3/8 to 1 1/4 in. 
(luck Vhmil .1 I'll tons of ciiko pei million gallons of sewage aie 
piodncctl, oi 0 2-1 ton per cubic yaid of wet sludge The piessed 
cukc coutanis 72 4 ])ci cent moistuie Foity-seven iiouncls of 
lime per (lioiisand gallons were added to the sludge before pi eas- 
ing Two iiuni wot king together will lemove about 50 tons of 
(like lioin llic piesses in 10 hours Oidmaiily, eight men aie 
employed on IG piesses 

Tlie cost of ehomical precipitation in 1910 was $3 11 per 
million g.illoiis of sewage, and that of sludge disposal, $4 06, 
making llie total cost $7 17 The sludge piessmg cost S2 62 per 
ton ol solnks. 

\IU(i)irc, Ohm About 1 6 million gallons of seAvage per day 
weri' received by a separate system of seu’'eis fiom 6.300 peisons 
111 1!)07 and passed though 2-in and 1/4-in bar scieens to 3 
piecipitatioii tanks, 80 ft X40 ft X6 ft in size, having a total 
eapai ily ol 420,000 gallons The sludge is pressed, leducing the 
moisline from 88 per cent to 47 per cent, 1.500 tons of wet 
sludge fuinislniig 60 tons of pressed cake, or 2 5 tons of cake per 
milimn gallons of sewage. The sludge cake is usually taken 
a\\a.\ by farnieis for fertilizer 

'riie cost of operation was, in 1906, 45 cts , and in 1907 , 55 cts. 


p(‘r capita. 

('aiitiiii, Ohio ^—Ahoui 2 1/2 million gallons of domestic 
sew.ige were contributed daily in 1908 by a population of about 
'23, .500. .After passing a screen rack 2 ft 6 m X4ft 2 in in 
si/e, inclined 20 degrees to the vertical, and composed of 3/16 
ill. X I 1/4 111 . bars, set 7/8 in apart, the sewage, which contains 
bill. 13 iiarts per million of suspended matter on account of the 
large proportion of ground water, is treated with about 13 6 
grains of lime per gallon (1 ton per million gallons) on week days, 
niiil halt this amount on Sundays. It then passes to a series ot 
4 tanks 100 ft. X50 ft.X.5 ft m size, having a total capacity of 
700,000 galloiiH, for precipitation The surface velocity was 
mc'iisuri'd in the first of these tanks and found to be_41 ft. per 
minute, ill f.ho other throe tanks it was 27 8 ft. per minute 
Tiio period of retention was 6 7 hours The first two tanks 
are cleaned 3 times a week, the last two 2 times a week 
sludge is pumped to neighboring fields and plowed under, 
this mode of disposal has not proved satisfactory. 


1 Hop. Blulo Board of HwdUi, 1008 
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The cost of operation in 1901 was S3850, which, at 2 1/2 
million gallons per day, would be $4 22 pei million gallons 

In wmter, with plain sedimentation, 13 7 cu yds of wet sludge 
were removed in this way per million gallons of sewage, while in 
warm weather, with chemical precipitation, the amount removed 
was 14 3 cu yds per million gallons The suspended solids, 
which amounted to about 86 paits per million, were reduced by 
about one-half in each case, and with chemical precipitation 
the total organic matter was i educed by about the same amount. 
The greater part of the sedimentation took place in the hist 
tank 

The results of several analyses are given in the following 
table 


TABLE XXVI 

Removal of Suspbndhd Matter at Canton 




Parts per million 


Per cent 
removed 

Tons of 
dry solids 




1 




removed 


Total 

j Volntilo 



per 

million 


Sewage 1 

Effluent 

Sewage 

Effluent 

Total 

Volatile 

gallons 

sewage 

Flam sedimentation 





1 



Jan 16, 1907 

! S3 

41 

42 

20 

51 

31 

0 176 

Fob 26. 1907 

, 124 

61 

62 

28 

61 

56 

0 263 

Chemical preoipitation 

1 







Aug 9, 10, 1906 

i 43 

42 

31 

30 

2 

3 

0 004 

July 17, 1907 

, 89 

61 

47 

40 

46 

17 

0 168 

July 18, 1907 

1 

' US 

1 

58 

65 

30 

61 

64 

0 250 


Although about 50 per cent of the oigamc matter is removed, 
the effluent is unstable and not entirely satisfactory, and the 
extra cost, due to the use of chemicals, does not appeal to be 
justified by the lesults. 

The annual cost of operating the works is about 15 cts per 
capita of population. 

White PlainSj N. — ^This plant, operated under the patent 
process of J. J Powers, will soon be discontinued owing to the 
constmction of the Bronx Valley trunk sewer In 1907 there 
weie nearly 14,000 persons contributing about 850,000 gallons 
of strictly domestic sewage daily. 

1 Rep N Y state Bd. of Hlth , 1907 
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Tliis piiHSCtl tlnougli a veitical screen of 1/8 in X 1/2 in bais 
4 It. lon^ spaced 1 in center to centei, to a sedimentation cham- 
ber 45 It X 24 ft. in size, 5 or 6 barrels (1200 to 1300 lbs ) of 
lime weie added daily with a varying amount of perchloride of 
iron — hecpiently a caiboy (140 lbs ) a day. 

WluMi removing sludge, once a week, the tank is disinfected 
with c‘hlorinc, as described heieafter for the East New Yoik 
])laiit 

The sludge, amoimtiiig to about 35 cu yds per w^eek, oi 5 9 
cu. yds per million gallons of sewage, is pumped to 2 diying 
beds having an area of about 3G00 sq ft " After diying, a small 
pai t of this IS utilized as a fertilizer 

The annual cost of the process foi mateiial was 


Coal, 145 tons at $5 25 

Porchlondo of iron, 300 carboys of 140 lbs. at $0 0275 

[.lino, 2,210 bblh at 1 40 

Vitnol, 10 caiboys of 140 lbs. at $0 0275 


I $ 761 25 
1,155 00 
I 3,136 00 

1 154 00 


So, 206 25 


or $10.78 per imlliou gallons treated. 

Brooldijn, N. 7 ‘—The Boiough of Brooklyn, New York, 
iiiaintains 4 chemical precipitation plants, employing the process 
patented hy J J. Powers Two of these are at Coney Island, 
one near Sheepshcad Bay, and the third and largest at East 
New York. Being similar in principle, the latter, only, will be 
deseribod 

Tlio sewage, amounting in 1907 to about 12 milhon gallons 
lior day from a population of about 100,000 persons, including 
tho surface dunnage from 3200 acres, is fiist dosed with liine 
to the amount of 5 bbls per million gallons and then enters, m 
jiarallcl, two sedimentation channels 16 ft wide X 7 ft deep X 
BfiO ft long, li'rom these it passes to a well 40 ft. in diameter 
from which it is pumped to an outfall flume 

For fi'oni 36 to 48 hours before cleaning out the tanks the 
sludge is disinfected with chlorine generated from 108 lbs. 
sulphuric acid, 64 lbs. common salt and 48 lbs. manganese dioxide. 
Tho sludge is then pumped on to shallow lagoons excavated near 

the plant and dried. 

. Rep. MeiropoUtan Sewerage Com of N Y , 1910, p 269 
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TABLE XXVII 

Resultr of Analyses of Sewage made Dec 11, 1907, at East New 
York Disposal Plant by Dr. D D Jackson Parts per Million 




Raw 


Effluent 


Dissolved 

Suspended 

Total 

Dissolved 

Suspondfd 

Tolnl 

Total solids 

441 

136 

1 677 

454 

134 

638 

Loss oa Ignition 

176 

115 

1 291 

110 

98 

208 

Fixed solids 

265 

21 

' 286 

344 

36 

380 

Fats and fatty acids 



397 

1 
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At the four above-mentioned plants there were said to be 
produced in 1907 33 1/3 cu yds of sludge per million gallons 
of sewage. 

Theie were used for piecipitation 1 15 bbls , or 263 llis of 
lime and 133 lbs of pei chloride of iron per million gallons of 
>sewage, and foi disinfection of sludge theie were used 



i Lbs per milhon gal- 
lons sewage 

Lbs per cubic yard 
sludge 

Sulphuric acid 

2 S 

. 0S4 

Salt 

1 6 

048 

Oxide of manganese 

1 2 

086 


Regal ding the efficacy of these plants, Dr D D Jackson 
states : 

“The process of puiilication has not mateiially i educed either 
the suspended niatteis or matters in solution h- Ji« 

The effluent is * * putrescible at the end of 24 hours ” 


Vm The Disposal and Utilization of Sludge 

1 Disposal of Night Soil on Farms 

The most primitive as well as a most effective method of 
utilizmg sludge is by its direct application to the land as a 
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f(Mtiliz(n By the lemoval of fecal inattei fiom cesspools befoie 
It has l)een diluted with any laige volume of watei, the piocesses 
ot hediiueutatioii and sepaiation aie avoided, although foi othei 
I (Mhons t lie use of cesspools is not to be advocated. This method 
of disposal has been employed up to the pieseut time on such a 
huge scale m Baltimore, Md , that a biief desciiption is given 
lu*i e 

A contract is entered into with the city by which the right is 
s(M‘iired to chaigc the householder a ceiiiam sum foi the lemoval 
of night soil This is drawn by suction with “odorless excava- 
1.01 a” from the cesspool when it becomes necessary, and con- 
veyed to liarges holding 450 loads of six bands (about 200 
gallons net) each, for which the conti actor operating the barges 
icceives 25 cts per load foi disposal. In 1909, accoidmg to 
l)i. James Bosley, Commissioner of Health, 61,748 loads were 
icmoved in this way, in addition to which moie or less finds its 
way, illegally, by other channels to f aiming land m neighboiing 
counties^ The baiges aie towed down the Patapsco Rivei, 
chiefly to Bear Cieek, about 8 miles distant, where their con- 
tents are puiiipod by specially designed pumps of large capacity 
to lagoons prepaied for its reception by the f aimers An 
ordinary lagoon or pit holds a scow load, or about 100,000 
gallons, and the operation of pumping occupies about two hours 
Foi* this amount, which is deliveied to him as required, the farmer 
paid the contractor several years ago $1 '67 per thousand gallons 
The heavy sludge remaining m the scow is lemoved by shovelmg 
into carts and is also taken by the farmei. 

The pits aie used merely foi storage until the material is 
1 oi{UirGd, when it is bailed with long-handled dippers into tank 
carts and sprinkled over the fields 

A large variety of crops is fertilized in this way. One fanner 
stilted that he had used 6 barge loads of night soil (at the rate 
of 4000 gallons per acre) and 35 barge loads of gaibage (also 
handled in this way) duiing the yeai on 150 acres of kale, cab- 
l)age, tomatoes, potatoes and spinach The liquid portion 
appeared to be more immediately effective, but the heaider 
portion produced a-moie lasting effect 

The odoi*s in the vicinity of these lagoons are very offensive, 
but., so far as known, they have not had an unfavorable effect 
on the health of those livmg on the farms The nuisance from 

1 A.]ao, about 2030 houaos are connected (1911) with storm water drams Dr J M Bosley. 
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;is 

lios luis bcoii tioiirtldoial^lo iiiicl Iho poHHil)ilii;s of coiu i‘\ iiiji', 
llseiiHO by them sliouicl not l)o forf;ott('n 
A nioio Hoiioufl objection lies in tlu* ill(‘f;iil iis(‘ of ni^Jil soil on 
;ro\vm*!; vc^otiibles before gathering foi l.lu‘ nmibi't M'luh is 
/eiy difficult to ])i event on account of tli(‘ inaccessibli* local ion 
jf the farms Application to the ciops is .sU])posi‘d lo he iiiiulo 
several weeks (10 in the case of kale) before galluuing 
With the inti'oduction of s(‘weis tliis system of disjiosal ami 
utilization will, of course, be aljandoned 

2 DunipiiKj at Sea 

Disposal of sludge by dumping at sea, as piactisial a( bomloii, 
(ilasgow, J3ublni, Manchester anti Sallonl, is almost unkiiowii 
in the United States The cost at severiU of th(‘S(‘ plact's is as 
follows. 


tabll: xxviii 


Cost of ''J'ltA.NsponTiNo RniTnon to Ska.. Adaptkd fuom Rwp<)ut V, 
IbnAL Commission on Hewaom Dimpomvu 


IMiuio 


CillLMKONV 

Stilfonl 

Oiibhii 

IjCmkIoii 

MmidlioHaiT 

Southiim()l{H) 


Yoiun 

lotiH of 
hIuiI/i;o 
ptir 

tiimuia' 

l>i*r o«nl 
iiiomturo 
in hIuUki' 

Tollll (MWl 111 
(lontH of Hua 
(llHpOHlll 
mol Lut luiti 
hIiiIcUik fund 
pnr loll of 
HliidKii' 

t'lMltM 

pro ton 
of (liy 
Hotid 
iuivllor‘ 

tVlltM 
[koi lim 
<if riliid«4' 
00 jH'r 
01*11 1 
will or' 

HoiiiurliH 

lono 7 

•MI, 000 

HU H 

0 7 

71 0 

7 12 1 

00 yi*iir loiiii 

MI02-0 

102,020 

70 0 

17 L 

Kl 5 

s in h 

lIoiLVV Olllllll 



1 




dnori 

IDCMl 7 

US, .107 

00 01 

9 0 

*K) 0 

0 09 1 

No harbor 







duiw, hIiofI 
diHlmujo 

llKKl 0 


02 0 

8 2 

10.1 0 

10 so 1 


U)0.1- 

IKS, 720 

m 0 1 

17 1 

U1 7 

12 171 

lluiLVv onniil 

4-r^-7 






diii^H 

11)00" 7 

15,024 

00 0 L 

10 r> 

.lO.'i ') 

SO mi 

Uy inmlnu t. 


Further details are given in the following table 


’ Touh M)fi‘[T(nl Ki iiro of 2000 potuidn 

UoT). iUjyiil Com on How Diap , p. 107. 
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TABLE XXIX 


Workrt 

l‘\»r 

jciir 

Poi teat 
inoiaturo 

Coat per ton 

1 

1 Cost per million gallon 

1 

Land 

charges 

Sea 

chargoB 

1 

Total 1 

Land ^ Sea I , 

, charges 1 charges ° 

1 1 

I^MUloil 







1 

1 

Hjirkinf; 

1007 

92 04 

SO 050 

$0 067 ! 

$0 117 

$1 57 

SJ 10 js3 67 


1007 

91 05 

0 040 

0 067 

0 113 

0 78 

1 13 2 qi 

(jlllHKnW 








Dulmuir 

1007-8 

80 60 

0 016 

0 049 

0 065 

0 34 

1 06 , 1 40 

MftucliiwtL'r 

1006-7' 


0 044 

0 117 

0 161 


1 


The first thieo sludges are from chemical pi ecipitation and 
tlic last from septic tank treatment 

Recently Providence has disposed of its sludge cake by dump- 
ing it 111 Narragansett Bay fiom a scow 135 ft longX38 ft. wide 
X 1 1 ft deep This is divided into 6 compartments and has a 
capacity of S50 cu. yds when filled level, and 1050 cu yds 
will'll heaped This is towed about 10 miles down the bay and 
(li'posited in a depth of about 65 ft. of water 

As already mentioned, the sludge removed fiom the deposit 
sewer of the Boston Main Drainage is taken by a scow out into 
Massachusetts Bay and dumped in deep water 

Disposal of sludge by dilution is also practised at Columbus, 
Ohio, where it is stoied until the river water is in freshet or of 
sufficient volume to render its discharge unobjectionable This 
was also tiled with the sludge from the experimental tanks at 
Waterlmry, Conn., where it was observed that when diluted by 
1()50 volumes of water in the Naugatuck River, there were no 
apparent odora resulting and the mixture was non-putiescible 

3. Application to the Land 

Direct application to the land is frequently employed at small 
works. The ordinary cost of this is given by Mr W. B Ruggles 
as from 40 to 50 cts. per ton of the solid content and the aiea 
required is from 1 to 2 acres (2 or 3 m deep) pei 1000 tons of 
sludge ‘ Whore trenching and bmying is used, the cost is about 
9 to 14 cts. per ton of wet sludge, or from 90 cts to $1.40 pei ton 

1 IQnmoutt, Wiiifllow and Pratt 
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of solids, exclusive of the cost of land The aiea requiied is 
fiom 1/4 to 1/2 acie pei 1000 inhabitants/ oi fiom 0 2 to 0 4 
acies per 1000 tons of sludge 

At Mansfield, Ohio, the total cost of disposing of 1200 cu yds 
of septic sludge on the land, employing 6 men and a hoi sc at a 
cost of $15 per day, was about 50 cts, per cubic yaid Al')oiit 
40 cu yds weie handled per day of S houis No nuisance is 
expeiienced except duimg the opeiation of emptying the tanks, 
when theie is a noticeable odor 

At White Plains, N Y , the sludge from chemical precipitation 
is pumped once a week on to land to a depth of 3 m In about 
7 days it dues sufficiently to be wmiowed and is latei wheeled to 
a dump. About 5 cu yds. weie pioduced from a population of 
14,000 Two sludge beds of 1800 sq ft. each were used altei- 
nately. 

Diymg in lagoons is practised in Reading, Pa , the aiea requiied 
being about 1/4 acre foi the 4280 cu yds of wet sludge produced 
in 1910 No offensive conditions were noted duimg the year 
Experiments were conducted at the Philadelphia testing sta- 
tion with diymg in 4 lagoons 8 ft X 12 ft in size 

With sludge derived from plain sedimentation, the results were 
as follows 


TABLE XXX 


Results 

UP 

Drying Sludge in 

Lagoons Philadelphia 

Time m du\s 

1 

1 Depth in i 
inches 1 

Per rent 
moisture 

Rainfall, 

inches 

f'ubic yards 
sludRc per acre 

. _ - 

1 

Screened 

0 


1 1 

12 20 

S2 

s 1 

0 

1600 

Screened 

26 


7 67 ' 

57 

0 

0 

1000 

Screened 

4Q 


d 50 1 

1 

51 

a 

0 43 

470 

1 

Screened 

0 


1 

13 50 ; 

90 

1 

0 

ISOO 

Screened 

62 


7 00 1 

01 

0 

3 14 

050 

Crude 

0 


12 00 ' 

8S 

7 

0 ' 

1600 

Crude 

69 


1 4 70 

02 

S 

2 jO ' 

040 


In geneial, wet sludge 12 m deep dries to about 00 pei cent 
moisture m 0 weeks, leaving aijoiit 0 4 of the oiiginal volume to l)e 
icmoved fiom the bed oi lagoon. 


^Eno Rec,Yo\ LXIII, p 70. 
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Sliulfj;c from the Emacliei tank diied rapidly and soon became 
oclurlehrt It was lun onto a bed under cover consistmg of 


Fine SiUul 
(have I 
Siuid 
(iravel 

Jiroken concrete 


6 in 
C 111 
2 in 
6 in 
24 in 


at the top 


( Foundation reaerabhng nat- 
ural conditions 


"rius was underdrained by 3-m peifoiated tiles 

It was found that 12 in. of sludge placed on this bed m winter 
was ill eoudii.ion to be removed in 12 days, although contammg 
tiS i)C‘r cent moisture 

The average time for drying in the Emscher District, accoidmg 
io Mr. (’Charles Kaville,^ ivS about 7 days, but in summer it is 
snmetinu^s removed after but 2 days, the moistuie m the diied 
sliulge varying fiom 55 to 65 per cent 

hXpoiiinoiits were made in lining the lagoons with various 
mateiials coaise sand, fine sand, rice coal and sawdust Coal 
and sawdust were favorable to subsequent incineration while 
sand was liable to form clinker “The thick layer of sawdust 
was moie (‘flicioiit than the thin, whereas the thick layer of coal 
was less elh(*icnt than the thin, and the thick layei of sawdust 
was c(iually efficient to the thin layer of coal ” About the same 
amount of moisture was removed by sand and sawdust, this 
b( 4 Ug aliout 75 per cent 

At the Elmhurst (Boiough of Queens, New Yoik) plant 
the supernataut water is diawn from the tank at mid-depth 
The sludge with the remaining roily liquid is then placed on a 
sludge filter 20 ft X50 ft. in area and 3 ft 3 in deep. The 
liittu’ IS under cover. It is made of giaded material vaiying m 
size from 3 in. at the bottom to sand, with 4 in. of combustible 
iuatej*ial — usually buckwheat coal — at the top The bed is un- 
dtirlain by a system of 2 1/2-inch steam pipes to facilitate drjdng 
Tlie heavy liquid is delivered to the surface of the bed by a 
12-in. pipe and a trough. The filtrate passes by undei drams to 
a pump well and the de-watered sludge is scraped, with the coal, 
from tlie surface after about 3 days* drying, and burned under 

boilers.^ . .. . 

Tests made at the Chicago cxpei'imental plant showed that 
sludge' from plain sedimentation containing 90 per cent, moistuie 

1 W I, Enff'rEmaohor Association, Bnff Newa,Yo\ LXV, p 664. 

Hoc f Vul Lll, p 87 
16 
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•ied out to a thiclcness of 4 in. with but 50 per cent, moisture in 
) days during warm weather 

At Brockton, Mass the dried sludge raked from the intci- 
ittent filters was first burned on wood fires. As this caused a 
aisance, it was then (1890) sold to farmeis for $125, and latei 
901 to 1906) for $150 per annum. Since 1909 it has been given 
way so as to secure a prompt removal In 1008 the sludge 
veraged 136,000 gallons per day and contained 11,177 5 paits 
er million of total solids. It pioduced about 3500 tons of 
udge. The rakings were of the following composition- 


Moisture 

Phosphoric acid 

Potassium oxide 

Nitrogen 

Calcium oxide 

Insoluble matter, sand, etc 


16 22 per cent. 
78 per cent. 
.51 per cent. 
1 45 per cent. 
30 per cont. 
70 13 per cent. 


This IS used as a fertilizer on corn, potatoes, millet and other 
rasses, but, with the exception of coin, additional potash and 
■hosphoric acid aro required 

In general, the cost of raking and removing the sludge fiom 
atermittent sand filters in Massachusetts amounts to about 
3 per million gallons of the sewage applied, or from 12 to 30 cts 
ler capita of population 

In the arid portion of the west, conditions are more often 
avorable to the direct application of the raw sewage to the land. 
According to Dr. W. F Snow, Secretary of the State' Boaid of 
lealth of California, some towns in that state operating sewage 
arms realize from $500 to $5000 a year in the crops of hay, 
valnuts, potatoes, alfalfa and eucalyptus wood produced. 

According to Dr. Voelcker,^ the yield of corn (wheat, etc ) is 
ncroased from 10 to 12 per cent, by the application of sewage 
Judge to the extent of 40 lbs. of nitrogen to the acre, while 
iitifioial feitilizers of equivalent strength increase the yield from 
6 to 17 per cent. The use of sludge increases, in particular, the 
item of the plant and therefore the straw produced, but in any 
jase its value depends even more on the amount of moiatui e and 
,he lime contained than upon the percentage of nitrogen He 
joncludes that from a practical point of view none of the sewage 

1 Eng News, VoL LXn« p 261 

® Pifth. Hop Royal Com oa Sew Diep , p 187, 
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Hludf^os used would bo woi’tli 10s (352 50) & ton on tbe furm for 
wlu'ut-gj'owmg purposes 

The economical use of sludge as a feitdizer bemg exceptional, 
ith disposal on land is reduced to eitbei meiely diying or burymg! 
As to the choice of these, Mi. Geoige W Fullei states ^ 

1 That sludge diying beds aie usually unsatisfactoiy for 
large plants and that when they have been used with a moderate 
th'gree of success this has usually been during cool weather 

2 That the buiial of sludge in tienches has meiit in the case 
of small installations, but that in the case of large plants this 
caiiuot compete with the employment of the Emscher tank, the 
jii'oduct from which is inoffensive and is theiefore easily dis- 
posed of 


4 FiUei-p) easing 

Pressing sludge is usually confined to plants employing chem- 
ical precipitation and wheie, theiefoie, there are laige volumes 
of a lather wateiy product to be handled 

.\t Woi coster this process cost, in the year endmg November 
30, 1910: 


Per million gallons of sewage, $2 76 
Pei thousand gallons of sludge, 351 20 
Per ton of solids, 353 50 

The cake is used for filling in land 

At Providence the total cost of sludge disposal in 1909 was 
#4.22 and in 1910 354.00 per million gallons of sewage, and the 
cost of sludge pressing was 352.85 and 352.62, respectively, per ton 
of dry solids. 

Aside from the Worcester and Providence plants, where the 
coat data are carefully kept, the information to be had from 
American practice is so meager that the following supplementary 
figures referring to sludge pressing m England are given 

In Leeds, according to W W Ruggles,® the cost of pressmg 
was, in 1910, but $14,784.61 for 16,017 tons of dry solids, or 
about 92 cts. per ton. 

* Bpwago Disposal with respoot to Offensive Odors MIT Oongreas of Technology, 
ApHl, IQll. 

* Exclusive of sewage beds and filters Sewage Sludge Disposal, Enff Rec , Vol L XIII , 



244 


SEWAGE SLUDGE 


Mr Ruggles gives the cost of cremating sludge cake as about 
$3 per ton of diy mateiial, and that of cartmg ^,nd dumping the 
cake as seldom less than 60 cts per ton and fiequently two or 
thiee times that amount, depending on the haul. 

According to the Royal Commission on Sewage Disposal,^ the 
cost of pressing sludge undei oidmaiy conditions, i educing the 
moistuie, 90 to 95 pei cent, in the law sludge, to about 55 per 
cent, in the pressed cake, may be taken as follows: 


TABLE XXXI 

Cost op Pbessino Sludge including Interest and Sinking Fund 



Wot sludge por ton 

Pressed cake per ton 

For populntiona of 30,000 or more and | 

13 2 eta to 15 0 ctn 

59 7 cts 

to 70 6 eta 

ordinary sewage 

For populntiona less than 30,000 and where, 

IS 1 cts to 28 0 cts 

SI 4 eta 

to $1 249 

on account of septic or greasy sludge, 5 to 
20 per cent lime had to be added 





According to Santo Ciimp, if the moisture is leduced by piess- 
lug to 50 pel cent , the pioduct from each inhabitant will equal 
2 cwt., or 0.112 ton, pei annum after efficient chemical precipi- 
tation. 

Pressed sludge cake weighs, accoidmg to Rideal, S 2/3 tons 
per million gallons of sewage, and the moisture can be reduced 
fiom 50 pel cent to 12 pei cent by air drying 

The value of this aii-diied sludge he estimates for different 
English plants as follows* 

From $2 48 (Biimingham using lime, and Wmdsor employ- 
ing the Hilles process) to $5 90 (Coventry using sulphate of 
alumma) per ton of 2000 lbs The dried sludge at Ayloslniry, 
where the ABC process is employed, is valued at $7 10 per ton 

5 Drying unth Centrifugal Machines 

Drying by centiifugal machines has hardly been attempted in 
the United States While admitting the excellent results ob- 
tained by the Schaefer-ter Meer machine abroad, its high first 
cost has pi evented its introduction into this country up to the 
present time 

1 Fifth Rep Royal Com on Sow Diap , p 170 
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A ('(‘nliiifugiil diyei of moie simple constmction is used at 
Ueadm^, Pa, liowcvci, foi de-wateiing the mateiial leceived 
fioin the votary sciccn The sludge is deliveied with 89 5 per 
ecMit moist.uie hy a sciew conveyei to canvas bags These aie 
placed 1)\ hand in the hydro-extractoi , which is about 6 ft in 
diam('t(M‘ and 3 1/2 ft high On lemoval the moistuie has been 
1 educed fiom 89 5 to 73 per cent , 19 6 pei cent, of the product 
l)eing volatile, and the weight has been i educed from 62-70 to 
31-3511)3 pel* cubic foot. The mateiial taken from the machme 
is bill nod under the boilei*s of the sewage pumping station. 

The manual labor requiied in the operation is a serious objec- 
tion to this type of dryer in connection ^Mth laige plants 



Kid 41 — CoiitrlfugoJ Hluclge-<irying raacluiie at Frankfort, Germany 
(CourLosy of Tho Lathbury-d'Ohor Co , Philadelphia ) 


In Bradford, England, the cake from sludge presses is heated 
in a rotary drier, which reduces the moisture from 33 to about 
fl per cent , leaving the dried product in a form suitable for 
shipping. Tliis is said to find a ready market at $2.17 per ton 
and has proved so profitable that similar machines are to be 
installed at the sewage treatment plant at Dublin 

The cost of producing the dried product for use as a filler for 
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fertilizers under American conditions is estimated hy Mr Rugbies 
as follows 

Cost per ton 


Filter pressing $1 00 

Drying 35 

Grinding 16 

Bagging 15 

Total Vl 66 


While its value as a fertilizer, which has been sepaiately 
estimated at $6 76 and $10 79 pei ton, is assumed to be at least 
$4, leaving a profit of $2 34 per ton ^ The cost per cu yd of 
dried sludge at Hanover has been estimated at 36 cents and in 
America would probably be more than double this amoimt.- 
Kmmcutt, Winslow and Piatt give the probable cost of dry- 
ing by centrifugal machines as from 5 to 7 cents per cu. yd of 
wet sludge 

With regard to the Schaefer-ter Meer machines, the following 
data are from the operation of the 4 units installed at Hanover 


Dned matenal produced per umt per day 

20-39 cu yds. 

Dned matenal produced per million gallons sewage 

3 3-4 9cu yds. 

Cost of operation: 

Per umt per day 

*12 85 

Per capita per annum 

02 

Per million, gallons sewage 

1 02 

Per cubic yard wet sludge 

07- 10 

Per cubic yard dned sludge 

33- 50 


G Recovery of Cdlonfic Value 

No attempt has been made to utilize the latent calorihc value 
of sludge on a large scale in the United States, but some experi- 
ments have been made in this direction by the Massachusetts 

* Estimate made by a " well-known laboratory ifi New York " 


Ammonia, 2 6 per cent r)2 

Equivalent of bone phosphate, 60 per cent 07 

Potash, 24 per cent 17 

*6 76 

Estimate on sample furnished The American Fertilizer of Philadelphia 
Nitrogen, 62 2 lbs at 20 eis 910 44 

Phosphono acid, 2 2 lbs at 4 cts 00 

Potash, 0 2 lbs at 4 25 cts 26 

$10 79 

BHep Sew, Disp Chicago Qeo M Wisner, 1011 
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State Boiud of Health/ by the city of Worcester, Mass / and 
by the City of Philadelphia.® 

In 189S the Massachusetts State Boaid of Health demon- 
sti ated that gas was evolved from the vsludge rathei than from 
the soluble contents of sewage. 

In the year 1900 the following volumes of gas were produced 
111 a septic tank, illustrating clearly the efifect of temperatoe 


TABLE XXXII 
Gas Produobd in Septic Tank 



April 21 
to May 1 

May 2 to 
May 22 

July 10 to 
.July 20 

Oct 4 to 
Oct 6 

Average hours storage 

28 

21 

28 

23 

Avorago temponituro in tank 

61 

62 

74 

06 

Cubic foot goB per 1,000,000 gallons of 

6100 

8400 

11300 

0000 

uowago passed 





Cubic feet gas por 1000 gallons of tank 

5 3 

0 6 

0 5 

6 3 

capacity 





Cubic feet gus per <5ubiL fuot sludge in tank 

0 71 

1 27 

1 27 

0 71 


To illustrate the eSect of vaiying composition, the amount of 
gas obtained from the fermentation of difEerent sludges was 
determined. 


TABLE XXXIII 


Amount of Gas Produciod by Fermentation op Different Sludges 




Per cent 

C-cnliinetors of gas formed per 
gram of 

Bouroe 

Days 

nrgonio 
matter in 
sludge 

Sliirlgo 

Organic miitl-or 

Tannery sewago 

1 

1 

61 

61 

0 00 

0 00 

Lawrence sowngo 

26 

84 

0 :i4 

0 40 

liawrenco sc wage 

21 

78 

6 80 

7 46 

Septic tank 

.30 

10 

4 14 

0 00 


Septic tank gas was found to be composed principally of 
methane, carbon dioxide and nitrogen. The methane varied 
from 28 7 to 79.0 per cent. When obtained from the ferment a- 

^ MoflB. St. Bd iUltb., 1008, p. 402, et aeq, 

* Bno iVewfl, 1892, 

* lUp Bureau of Surveys, oomprislng work at tho sewage exponment station at Spring 
Garden, Philadelphia. 1010, p 101. at aeq. 
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tion of sludge, the methane vaiied fiom 79 per cent in the case 
of septic sludge to 2 per cent in the case of ordinal y sewage 
sludge. 


TABLE XXXIV 
Composition of Gas Produced 


Source 

Per cent 

CO, 

CH, 

N 

Septic tank A 

3 4 

79 0 

10 0 

Septic tank B 

42 2 

37 5 

19 0 

Andover septic tank 

9 8 

28 7 

61 0 

Sludge from regular sewage 

28 7 

1 8 

69 5 

Sludge from septic tank 

11 7 

75 9 

12 4 


Expel iments were begun in 1908 on the distillation of gas 
from sludges of different kinds. The aveiage volumes produced 
were as follows 


TABLE XXXV 

Gas Produced per Ton op Dry Sludge 


Prom settled sewage sludge 

6600 

cu 

ft 

From chemically precipitated sewage sludge 

8100 

cu 

ft 

From septic sludge 

4900 

cu 

ft 

From peat 

8400 

cu 

ft 

From soft coal 

8600 

cu 

ft to 12,900 cu ft 


While the composition of the gases dejDended much on tlie 
souice of the mateiial, those fiom sludge contained, in general, 
more CO^ and CO and of “the so-called illuminants” than those 
derived from coal, while the H and CH^ were less in quantity 
The lesulting coke amounted to fiom 45 to 65 per cent of the 
weight of the diy sludge and, although containing much mineral 
mattei, could no doubt be binned as fuel Analyses of this 
showed from 1 1 to 1 7 per cent of available P3O5 and about 
22 per cent of the nitrogen in the sludge “Much of the fats 
* * * * distilled over with the tais * ^ ^ This by- 
product could readily be disposed of by mixmg it with the coke 
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and bujiung, oi if it were foimcd in Huffieient amounts it could 
l)e burned directly, in the aanic mannoi as water gas tais aie 
utilized/' 


TABLE XXXVI 

Analysms op Sludciks used, Per Cent of Coke Formet> and Amount 
OF Niitiogen in Coke 



C’ompoaitioji of 

Haiti- 

\ 

Per Lent N (bv 


Source 

pie bt! 

iforo diatil 
per cent 

latum 

Por 

cent 

ooko 

w t of 
shn 

total 

rlfio) 

Por 

aval lab lo 
PjO:. 


ToUil 

Lobs on 


produced 

Found 

Ah NH3 

in coko 


N 

Ignition 



in ooko 

jiu wiusher 


r 

Lftwrenoo (Hotlled dcwago) 

3 30 ' 

30 8 

12 8 



OSO 

1 33 

Aniiovor (Hottlod howivrc) 

12 11 

46 0 

27 T) 

00 T) 

! 07 

220 

1 33 

f ’Hilton (riotiliHl HowHgo) 

2 30 , 

1 74 4 

7 7 

u r, ' 

' 72 

404 

1 44 

Brockton (not Med HcwaRc) 

1 70 1 

40 6 

0 2 

60 r. 1 

1 ‘J4 

137 

1 17 

Worcester (choin prrcip J 

1 11) 

44 0 

3 2 

r>4 0 ; 

00 

544 

1 07 

Soptiu tiink 

2 40 

47 ') 

S i 

68 0 

27 

197 

1 15 

Pout 

2 04 

92 0 


40 0 

70 

700 

0 31 

Soft coal (aver of t kiiidH 


90 S 


77 3 


222 


sii'iim uTid RIU4 coal) 









TABLE XXXVII 


Gakhs Produced by Destructive Distillation op Sewage Sludge 


Source 

Cu ft gus 
pcL ton of 
Bample 

00a 

% 

Illunu- 

naxits 

0 

% 

1 


H 

% 

CH4 

% 

N 

% 

Lawronoo (uotllod Hcwago) 

1 

' 4000 

4 4 

2 

2 

0 3 

30 7 

34 9 

18 0 

0 1 

Andover (Hottlotl Heivaffo) 

6400 

7 4 

15 

1 

0 0 

14 3 

22 9 

34 3 

5 4 

Clinton (sotUod Howaftt') 

9100 

8 1 

0 

7 

0 0 

20 4 

33 2 

24 5 

7 0 

Brockton (flottlntl Hewnge) 

0000 

10 5 

21 

4 

0 2 

10 3 

22 6 

29 1 

0 2 

Worcoator (choin, iiromp ) 

8100 

14 2 

4 

0 

0 3 

20 8 

32 0 

10 2 

2 2 

Suptio tank 

4000 

7 5 

1 

0 

0 1 

24 3 

44 0 

13 0 

10 2 

Peat 

8400 

39 0 

4 

7 

0 2 

11 0, 

28 0 

17 1 

0 0 

Soft coal 

10200 

1 6 

2 

0 

0 1 

6 2 

62 3 

25 7 

3 2 

Illummating gas (T.rfiworonco) 

1 

.1 1 

0 

1 

1 

0 0 

21 6 

1 

42 5 

! 

10 7 

3 a 


The Worcester cxpeiiments referred to weie mode in 1891 
and consisted in burning 45 tons of sludge containing 40 per 
cent, moisture with the aid of 3 cords of wood The total cost 
of its disposal, including the manual labor of collecting the 
sludge from the beds and convejdng it to the furnace, was $3 
per ton of dry sludge 
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At the Philadelphia sewage experiment station wet sludge 
was mixed with an equal weight of nce-size anthi'acite coal. 
The resulting mixture was 1 57 times the volume of the sludge 
and its specific gravity 1 29. The peicentage of moistuie was 
reduced in this way from 91 per cent to 43 1/2 per cent After 
placing in a sludge lagoon to a depth of 12 in and drying 24 
hours, this was reduced to about 27 1/2 per cent , and in 9 days 
to 22 1/2 per cent , the temperature being about 37° F 
The result of the mixing is shovm in the followng table 


Constituents 

Per cent 

Ll)s per cu yd 

Moisture 

45 5 

1,069 

Coal 

50 

1,176 

Dry residue of the sludge 

4 6 

106 


100 

2,360 


Each cubic yard of wet sludge, after drying, with 1760 Ihs, 
of coal, pioduced one ton of the diied mixture delivered at the 
boilei house foi fuel 

The British thermal units contained in the materials used 
were: 

In the coal as received 12066 

In the sludge as burned . ... 1216 to 2105 


TABLE XXXVIir 

Results of Burning Axr-dribd Sludge With Coal 


Weight of sludge broken to 2-in size, per cu yd in lbs 

710 


to : 

1016 


Percentage of water m sludge . . 

15 

3 

to 

40 

2 

Percentage of dry residue, volatile. 

24 

6 

io 

30 


Lbs dry residue in sludge used 

168 


to 

233 


Lbs volatile matter in sludge used 

48 


to 

70 


Lbs coal burned witli sludge 

192 


to 

286 


Lbs wet sludge burned per minute 

2 

66 

to 

4 

16 

Lbs volatile matter burned per minute 


566 

1 to 


705 

Lbs dry residue burned per minute 

2 

18 

to 

2 

47 

Lbs of coal burned per pound of 






Wet sludge 


68 

to 


895 

Dry residue 


817 

to 


945 

Volatile matter 


233 

to 


26 
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Tho experiment dcmonsti’atcd that it was possible to burn 
Kludj^c 111 this Avay iiiider boilers, but the degiee of economy 
effected was not determiued 

Samples were then taken of ah-diiccl screened sewage sludge, 
crude sewage sludge and Emscher tank sludge and mixed with 
c([ual weights of pea coal, and of wet sludge mixed with equal 
weights of rice coal, but the moisture to be evapoiated intei- 
fered with realizmg their full caloric value. The small coal con- 
Huinpi.ion it was believed, however, would fieqiiently justify the 
employment of this process in connection with sludge disposal 

TABLE XXXIX 

Rustilto or Tests of Fuel, Value for Steam Production op Mixture 
OF Sludge and Coal 



Por oeiit 
wot sludKO 
111 mixliiTo 

Fuol pnor to burning 

Lbs water 
evftp per lb 
fuel 

Eqivaleut 
evaporation from 


Muieturo 

b tu 

and at 212° F 
per Ib of fuel 

lime <()til imd vrot 

1 

12 4 

2 75-.! 87 

10700-11262 

4 20-4 60 

4 00-^ 92 

fllmlsn 

Polk coni luitl (lr\' 

22 0 

50 

1 16-2 03 

8*32-8876 

2 07-3 32 

2 92-3 63 

Bluilfte 


i 






CHAPTER IX 


Summary and Conclusions 

le best method for removing the solid matter 
mge we must consider the kmd of subsequent 
it is to receive. If the effluent is to be put 
Lg filters or contact beds or if it is to be applied 
hould be delivered in as fiesh a condition as 
coamer paiticles should be removed by screens, 
t chambers oi a combination of some such de- 
3 the piocess will be more offensive and the 
likely to clog If it is to be discharged into a 
se mateiial should be removed as causing de- 
.tom or an offensive appearance of the surface 
, however, it is to be utilized on account of its 
lizing properties the sludge from plain sedi- 
tmund tanks or that from fine scieens is pief- 
)re completely mineralized product from septic 
If septic tanks aie employed the gut need not 
inteicepted, but maybe handled m connection 
Lidge, but m the case of Emscher or Dortmund 
undesirable, as tending to clog the discharge 
irecipitation is sometimes to bepieferred in the 
long sewage or one containing acid wastes in 
in case it is thought best to press the sludge into 
ige is to be bulled, air diied, used foi fillmg m 
at sea the septic and Emscher tanks have the 
ishmg a product of small volume which may be 
with the minimum offense. Erne screening 
loom and theiefoie should be considered wheie • 

ugh, but in this case, as well as m plain sedi- 
‘sulting detritus or sludge contains so large an 
organic matter that its prolonged storage is 
Dopulous districts. These questions have been 
y Dr Eisner m Part I that it is unnecessary to 
;hem here 
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Having decided on the gcneial method to be employed the 
suits that may be expected, based on expeiience in the United 
,atcs, aie about as follows 


TABLE XL 

Removal o*' Suspended Solids by DiFrEiiENT Methods 
OF Treatment 


Motliod 

For cent 
removed 

Cu yda Hliidgo 
per mil gal sew 

Per cent 
moisluro 

r £)( roena, apacoa 3/4 in to 1 m 

2 to 10 

0 1 to 0 25 

66 lo 75 

■sh aoroona, apacea 1/4 m or loss 

IG to 25 

0 0 to 1 4 

80 lo 00 

it clminbera 

5 to 10 

0 1 LoO 8 

35 to 50 

iin. Bcdimontatiou 

GO to 70 

4 to 7 

87 to 93 

jtlc tanka 

50 to 70 

1 5 tod 

SO to 00 

iBchcr tanka 

50 to 70 

1 to 2 

75 to 86 

emioal precipitation 

75 to 00 

20 to 25 

80 to 02 


These figures aie subject to so great a vaiiation, dependmg 
L local conditions, that they are meiely given as a guide to 
dicate the limiting values undei ordmaiy conditions. 
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Fm 42 — VoIuniiM of aludffo -with varying porcontagop of inoiature 
(Roproduoed from Report on Disposal of Sewage, Phlladelplua, 1911 ) 

The sludge produced has generally been given heretofore in 
ibic yards. In England it is more customary to mention the 
■oduct by weight and as this is also frequently done m the 
nited States the following equivalents may he found useful, 
though these are subject to variation, depending on the char- 
ter of the ingredients and the space occupied by air after 
aining. 
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sFjWage sludge 


TABL13 XLI 

Appiioximate Weight or a Cubic Yaud of Sludgio 


Per cent moistuie 

PouiuIh 

'foilh 

100 

1085 

0 S-l 

95 

1095 to 1705 

0 85 

90 

1720 to 1775 

0 S(> to 0 SS 

85 

1750 to 1S20 

0 S7 to 0 ‘)1 

SO 

1790 to 1805 

0 89 to 0 98 


In selecting the method of tieatment the cost is an importiini., 
.nd sometimes the controlling, factor. The septic tiinks at 
Vashington, Pa , cost $4173 per million gallons treated daily 
If $15,650 per million gallons gioss capacity,^ while the cone- 
ponding costs for the larger Columbus, 0 , tanks (the contract 
nice for which was particularly favorable) were $3340 and 
;8320, respectively. Rectangular Emscher tanks with 3 hours’ 
etention of sewage and 5 months’ retention of sludge would 
)robably cost from $5000 to $7000 per million gallons daily 
low or from $30,000 to $40,000 per million gallons gioss capacity, 
lepending on the excavation. The following figuies on a per 
apita basis are given by Mr George M. Wisner, Chief Engineer 
i the Chicago Sanitary District.^ 


TABLE XLII 

JoMPABATivn Cost op Settling Tanks Based on a Sewage Flow op 
200 Gallons per Capita Daily 


Type 

City 

Nominal period 

(kjHi. por (iiipiUi 

of settling 

for oonsLntntioii 

tmlght-flow 

Columbus 0 

0 hours 

SO r>K 

trught-flow 

Columbus 0 

8 hours 

$0 77 

lortmiind tank 

Glovereville N \ 

4 hours * 

SO 84 

Imsoher tank 

Atlanta Qu 

.3 hou rs ‘ 

$1 44 


In case the area available for sludge drying is limited oi costly 
he Emscher tank has a decided advantage, as fully explained 

' Aooording to Mr D M Belcher, Assoc M Am Soc C E 
^Etio^ Rec, Nov 4, 1911 
^ Sludge storage not considered 
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by Spillner and Blunk. As a result of the Chicago Experiments 
Mr Pearse is of the opinion that with G to 8 houis' retention of 
sewage in a septic tank the sludge requires at least 20 days to 
become spadable, whereas with but from 1 to 3 hours' letention 
of sewage in an Emscher tank the sludge is in condition to be 
handled in about 5 days, requiring, theiefoie, not more than 
one-fourth the area For plain settled sludge a still laiger area 
is required amounting to fiom 1 to 2 acies per 1000 tons if air 
dried, or from 0 2 to 0.4 acres per 1000 tons if buried. See 
page 239 

It is concluded tliat the land required for Emschei tanks 
amounts to 0 63 sq ft per capita or, with appurtenances, 
10 sq ft per capita; and that for the drying Iieds there should 
be provided 0.3 sq ft per capita or, including ti acks, dikes and 
distribution, 0 5 sq ft per capita. The cost of the beds is esti- 
mated at 16 cents per capita ^ 

Experience in the Emscher Distiict has indicated- that three- 
fourths acre of land is required for cveiy 10,000 pei sons, pioducing 
about 30 cu. yds. of spadable sludge (loss than 10 pei cent of 
the volume of the fresh sludge) pci annum. One man can 
handle the sludge fiom three times the above population if the 
point of deposit is near the plant 

As to the final disposition of the sludge the method selected 
depends, aside from the cost of land, on the charactei of the 
sludge, the material available for sludge beds, the proximity 
of dwellings and the general character of the actual and pros- 
pective development in the neighborhood. 

In general terms, perhaps the following selection, as pioposed 
by Kinnicutt, Winslow and Pratt, is as appropriate as can be 
given without going into greater detail: 

1 In the case of small isolated plants air-drying on the land 
or in lagoons is generally preferable, giving the dried sludge to 
farmers or burying it in the ground. 

2 For larger, but moderate-sized plants, burying in trenches 
is found satisfactory. 

3. For large cities located on the coast the cheapest and most 
expeditious method is removal by scow or steamer and dumping 
at sea. 

4. For large inland cities mechanical drying is often necessary, 

1 ** Rep on Sewage Diapoeal ” George M Winper, ChioEgo^ 1011 

^Oharles Saville, Jovr, Aaaoo Sng Soo , July, 1011 
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m which case the product can be given away as a feitilizei* or it 
can be buried oi, m isolated localities, used for filling in land 
If these methods of disposal are not feasible for any reason the ^ 
product can be mixed with house refuse or with a small amount 
of coal and burned m a destiuctor 

At the present time there are over 330 municipal sewage 
treatment plants in the United States. Of these, about thiee- 
fifths employ the septic tank, either for the complete, oi as a 
pieliminary process and one-fifth employ plain sedimentation 
The former method, which might more piopeily be called the 
semi-sephc piocess, has been veiy generally adopted in the middle 
west duiing the past 10 years. Although the term septic has 
been populaily attached to these tanks they aie not true septic 
tanks m the light of the Saratoga decision Their effluents often 
contain dissolved oxygen and aeiobic conditions undoubtedly 
often exist in those paits of the tank thiough which the cleaier 
liquid passes, while the solids, detamed by efficient baffling and 
generally collecting largely in the scum by leason of the entiained 
gas, may at the same time develoji septic or anaerobic conditions 
The period of retention is generally comparatively brief — often 
not over 4 houis — so that the sewage does not become thoroughly 
putrefactive oi devoid of dissolved oxygen befoie passing off. 
These tanks and those devised by Travis and Inihoff are similar 
in this respect and diffei fiom the septic tank of Cameron, wheie 
the sewage is letained at least 12, and oftener 24 hours This, 
too, is the usual practice in operation in the Eastern states. The 
divergent lesults obtained in the former tanks, for which the 
term “hydiolytic” has been used, from those obtained with the 
true septic tank has lesulted in a certain confusion of ideas in 
regard to the efficacy and offensiveness of the septic tank pro- 
cess The shoi*ter period of retention, combined with a sewage 
both fresh and weak, results in an almost entire fi’eedom from 
offensive odors in many of the western plants that is usually not 
enjoyed where a strong sewage is letained for an entire day in an 
uncovered tank So, too, there appears to be a marked diffeience 
m the amount of sludge and scum produced, for, as noted by 
Mr. J W Alvord, the deposits, reqmring removal from the 
western plants handling deonestic sewage only are frequently 
veiy small in amount, while the scum forms lapidly, aftci’ sopiic 
action IS established, to a veiy considerable thickness 

This suggests the desirability of studies to determme the best 
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of I'cmoviiio anti diwpoHiug of the scum, which diffeis materi- 
ollv III (dial actor fiorn ordinal y Hludge 

Mtluuioh in the Kiiwchci Diatiict the scum does not seem to 
accniimlalo to a giTOt thickness it may cause trouble in Einscher 
tanks through ils buoyancy by clogging or overtapping the vent 
opoiiings nnlesH tlieso aio of ample width. By breaking up the 
M-um occasionally with a rake much of it will sink as a deposit 
nith thii sludge and release any accumulation of contained gas 
W liiMi removed f]*om the siiiface of a tank leccivmg fresh 
iig(‘ and whose contents are not thoroughly septic this scum is 
not particularly offensive and may often be (iiied out on beds in 
tlie open air l)eforQ final disposal if not in the immediate vicinity 
of dwcdhngs. 

'riu‘ al)S(Micc of Kulpluiretted hydrogen, and objectionable 
otlors gcMKM'ally, in the tanks of the Emscher Association, has 
1)1*011 lecidved with a cei*tam amount of incredulity There 
app(‘am, wilh our present laiowledge, no good leason why these 
gases should not form in one style of tank as well as another, 
piovidi'd the other conditions are similar. Possibly the motion 
of 1 lu* sludge \)articlcs caused by the eiuption of gas bubbles and 
tlu‘ M(‘ttl(Mneiit and withdiawal of sludge may influence the fomia- 
tli)ii of these gases, but it would seem to be largely accounted 
for by the fact that the greater paii; of the organic mattei fiom 
wliicli Hulplmretted hydiogen is produced remains in suspension 
or ill solution in the sedimentation chamber and passes out with 
the efihu'ut, wliil(i in the truo septic tank these are retained in the 
lank until putjvfaction is energetic and the odois, which aro 
chhdly d(‘i ivc‘d fi*oni the non-sedimentalde poi^tion rather than 
from the Hludge, aro given off in large amounts. 

With regard to sludge disposal in America, while there are 
iHolut(‘tl examples of lagooiiing, drying on the land, centrifuging, 
Iirt‘HHiug and Inirning, those are so few in numbei, or else have 
iiceu (uirried on with so little knowledge or care for the highest 
eliiciency, that no generalizations can be drawn that would 
cotnpiuv in value with those derived from foreign plants and 
di»Hcril)ccl HO fully in tho reports of the Royal Commission on 
Si>wage l)iH}a)Hal luid by the aiithois of the first thiee parts of 
tliirt volume. Tho (luitc common use of the septic tank has, in a 
nu^OHUre, aimplifiecl tho sludge problem and with the anticipated 
adoption of the Emscher tank by many towns within a short time 
another Htop forward will have been taken. Horizontal tanks, 
ir 
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with or without chemicals, will probably continue to be used on 
account of local conditions and it is probable that a broader 
field for fine screenmg and diymg by centrifugals will develop, 
but from the marked advantages in sedimentation processes 
earned on m conjunction with a special sludge chamber it seems 
probable that the Emscher tank m its present or a modified form 
IS destmed to play an important part m sewage treatment in 
America for some tune to come. 
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S(^ptic tank (See also Sedimenta- 
tion, Sludge), 11, 25, 74, 
79, 84, 115, 140, 141, 142, 
217, 219, 221, 222, 223, 247, 
252, 253, 254, 266 
Settling (Seo Sedimentation ) 
Sewage, composition, 8, 11, 16, 20, 
195, 196, 197, 198, 199, 200, 
211,212, 213,218, 220, 221, 
222, 223, 226, 231, 234, 236, 
247 

Shone ejector, 230 

Shutters, 60 

Siphon, 47, 63, 164 

Skimmer, 44, 45 

Slag, 99, 101, 100, 162, 164 


Salt, 236 


Vi* 
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Slopo of bottom, 30, 31, 37, 38, 30, 
40, 41, 43, 49, 60, 224 
of i)ipe, 49, 53 

Sludge bed (see also Sludge Dry- 
ing, Area), 56, 67, 59, 63, 
87, 90, 112, 134, 136, 137, 
147, 162, 159, 164, 166, 176, 
177, 18S, 191,235, 237, 240, 
241,243, 250, 254,255,267 
burial, 88, 136, 142, 233, 230, 
243, 265 (See also Ai-ea, 
Sludge Drying ) 
oako, 67, 94, 99, 100, 100, 107, 
108, 231, 233, 244, 252 
calonfic value, 96, 96, 98, 100, 
102, 104, 127, 152, 240, 249, 
260, 251, 262 (See also 
Burning ) 

composition, 7, 9, 10, 11, 12, 13, 
14, 16, 36, 43, 64, 61, 74, 84, 
89, 91, 122, 131, 144, 146, 
146, 148, 149, 151, 153, 154, 
158, 159, IGl, 107, 168, 175, 
180, 181, 184, 185, 212, 214, 
215, 217,218, 221,222, 223, 
224, 226, 242, 247, 250 
cylinder, 43 

distribution (See Pipe Linos, 
Channels ) 

drainage of, 3, 41, 66, 91, 134, 
137, 142, 146, 160, 163, 104, 
176, 178, 186, 188, 191, 241 
(See also Sludge Drying, 
Sludge Bods ) 
drying, 66, 128, 120, 132 
artificial, 64, 04, 104, 122, 
138, 244, 262, 266, 267, 268 
in tho air, 6, 21, 24, 30, 36, 60, 
60, 61, 62, 07, SO, 90, 93, 
97, 98, 107, 109, 122, 133, 
140, 156, 170, 212, 224, 227, 
228, 236, 240, 241, 244, 246, 
252, 254, 256, 267 
feeezing, 176 
grease in (See Grease ) 
holder (See Sludge Receiver, 
Sludge Tank, Vacuum Re- 
ceiver.) 

liquefaction (See Digestion ) 


liquor (Sec Turbid Luiuid.) 
removal (Soo Removal ) 
mourtuniig, 173, 175 
pro.ss, 18, 65, 77, 106, 108, 113, 
127, 137, 142, 230, 232, 233, 
243, 244, 252, 257 
jjiiMhing car, 33, 34 
receivi^r, 66, 72, 78, 86, 87, 110 
Hiimplmg, 184 

Hiioeihc gravity (S<je Sliulgo 
OompoHitiori, Weight ) 
septic tank, 61, 62, 64, 91, 02, 
98, 102, 103, 110, 140, 141, 
142, 247, 248 

steamer (Soo Sludge-Transpor- 
tation, Ocean disposal ) 
storage of, 86, 113, 140 (See also 
Digestion, Removal ) 
tank, 207, 230 

transportation, 6, 61, 59, 76, 
85, 91, 110, 124, 129, 231, 
232, 237, 238, 239, 241 
value -f, 82, 84, 89, 91, 92, 99, 

123, 121, 126, 129, 170, 242, 
243, 244, 245, 216 

volume, 5, 7, 10, 12, 13, 14, 15, 

19, 64, 01, 04, 70, 73, 74, 
77, 82, 90, 102, 104, 112 

124, 126, 166, 263 

from plain 8e<limontation, 102, 
132, 211, 212, 213, 214, 234 
from Hojitic tanks, 19, 219, 

220, 222, 252, 256 

from Emschor tanks, 144, 
148, 150, 101, 162, 103, 166, 
167, 168, 173, 176, 177, 221, 

221, 225, 220, 227, 228, 229, 
252 

from oliomioul probipitation, 

20, 230, 232, 233, 234, 236, 

230, 240 

woigiit, 70, 102, 148, 150, 151, 
166, 168, 166, 167, 168, 223, 

231, 244, 250, 253 
Smell (Soo Odor,) 

Bolide ill sewage (Boo Sowiigo- 
compoRition.) 

ill sludge (Beo Sludgo-compo- 
Hition.) 
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Sprinkling filter (See Filtration ) 
Squeegee, 34, 35, 47 
Steam ejector, 26, 62 
Stirring device, 44, 45, 47, 66 
Storage (See Removal ) 

Storm water, 8, 20, 191 
Street wash (See Storm Water ) 
Sulphate of alumina, 69, 98, 104, 127, 
133, 230, 244 

Sulphide of hydrogen (See Sul- 
phuretted hydrogen ) (See 
also Nuisance, Odors ) 
of iron, 94, 134, 141, 221 
Sulphunc acid, 106, 108, 235 
Sulphuretted hydrogen, 79, 140, 143, 
156, 169, 179, 257 (See also 
Odor.) 

Sump, 29, 42, 50, 51, 53, 78 
Suspended matter (See Sewage- 
composition, Sludge-com- 
position ) 

Sweepmgs, 92, 93, 100, 114, 128, 
136 

Tank (See Candy T , Chemical 
Precipitation T , Dortmund 
T , Emscher T , Kremer 
Apparatus, Septic T , Sedi- 
mentation T , Sludge T ) 

Temperature, 227, 247, 250 
Towers, 14, 27, 45, 127, 134 
Trade waste, 206, 232, 252 


Transportation (See Carts, Con- 
veyors, Channels, Pipes, 
Sludge Transportation ) 
Turbid hqmd, 27, 29, 36, 38, 48, 49, 
50, 61, 57, 78, 85, 139, 186, 
187, 188, 230, 241 

TJ nder-dramage (See Drainage 
Water, Sludge Drainage ) 
Utilization of sludge, agricultural 
(see Fertilizer), burning (see 
Calorific Value) (Burning), 
production of gas (see Gas), 
recovery of grease (see 
Grease.) 

Vacuum receiver, 18, 27, 29, 41, 42, 
61, 52, 78 

Valves, 23, 28, 29, 48, 49, 61, 53, 72, 
86 

Velocity, 14, 30, 200, 201, 202, 212, 
215, 233 
Vermin, 126 
Viscosity, 160 

Vitnol (See Sulphuric Acid ) 
Volume of sludge (See Sludge ) 
of scum (See Scum ) 

Wagon, 52, 85, 129, 237 
Wastes (See Trade Waste ) 

Water in sludge (See Sludge Com- 
position ) 

Wells (see also Sump), 14, 27, 29, 
36, 37, 39, 45, 47 



errata 


'i)ii Ih liino '2 from hottctni In ])ljico of “HURpeiiud’' should read 

'‘KUs|mmlo(l " 

I'J l.iiu* 1 In phvci* of “ino” Hlinuld roiul ‘^1000 ’’ 

J.l Iiiiio 1 .) Jn placo of “ V(*ry ” nhuul(l roud “every ” 

'2 1 ih»\iMNo I ho iiumhorH iiud posituHiH of foot notes 
».» I mliM Klj? 20 111 phu'o of “the watoniip;” should read 

"Do-w.iloniij; ” 

liu^l word 111 phii'd of “incineration” should read “ovapora- 

tiiiii “ 

.ill I mo 12 In place of "picssiM” sliould road “presseri ” 
h2 l.ino I In pliK'c of “ 2 luJl to I to 2 ” should read “ 2/8 to 1/2 ” 

‘ 71 I.nu* s In pliico ol “2 to 1” should read “2/8 ” 

‘ ” 1.1110 'I. Ill of “1 to ,t” should lead “ 1/8 ” 

‘ ■ laiio 12 Ironi hnlinm. In plneo of “0 to 10” and “1 to 10” 

■^hoiiltl read “D/IO” and “I/IO ” 

'* ' l.nit‘ jr> In place of “ 1720” should loail “ 171S ” 

•' lOll I ini* 10 In place of “■vvitho” should r(‘ad ‘ViLli ” 

” I I.'i l.ini r> from hottoni In place of “VV. Oven — 'Travia” shonlil 
roatl “W ( Kven 'IVavis ” 

" 1 Is him* 2 Irom hottoiii In place of “1 tl” shouhl read “Ul ” 

*’ '• liUic 1 Irom hoi, tom In place of “2 1” should read “21 ” 

’ ls8 Line I." Irom hottom In place of “ RochlmKliauson ” should 
hmhI “ Hccklin>i;hauscii ” 

200 Line 7 in place of “ivert*” should road “was ” 

” 201. Iiiue2 In pluec of “ IS, 150 ” should road “ 1815 ” 

■' 201 Line 1 from hottom. In jilacn of “Oom’rs” should read 

“ (lom'n ” 

“ 2Ul. tiiueLt. In phi(M‘ of “ pumplcd “ should read “ pumped ” 

*' 210. I’liico ‘rahle \ VI at Liot of pa^e. 

“ 225. Lim* S. hi placi* of “dO” should rend “400 ” 

” 280. In Tiihlo XXIX iii<lniit “ IhirkiuR” instead of “ Cdasgow ” 

*' 2U. 18ne lu Irom hnltom. In place of “the TIiUoh” should road 
“Ihllc's" 

“ 12.4 

“ 251. Lmew 8 and 1 from hottom in column 2. In place of oo t)o 
should rend “ 12 4-22 0.’* 

“ 255. I.irie LL In place of “ 10“ should read “ 1.0 “ 


.St.CliiJlO. 



